There  are  many  ways  of  choosing  a  transformer 
...there  are  even  more  ways  of  making  one 

Where  a  stock  item  can  do  the  job,  by  all  means  standardize.  (The  UTC  catalogue 
covers  over  four  hundred  types.)  But,  the  ideal  transformer  for  a  specific  job  doesn't 
just  happen... it's  designed.  For  example,  after  extensive  development,  UTC  reduced 
the  v/eight  of  an  important  aircraft  item  over  90%.  Let  UTC  design  a  unit  to  your 
specific  problem. 

There  is  no  substitute  for  engineering  skill 
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The  Story  That  Must  Be  Told 


'iivo  nien  who  know  the  storv  hc'it:  Donuld  \elson.  Chief  of  the  U.  S.  War  PTodnetion 
Board,  and  (right)  Oliver  lAttelton,  Great  Britain  s  Munster  of  Productiun. 


BF/rw'KF.N  THF.  LINKS  of  toclav’s  war  news  is 
written  a  story  that  is  e\en  more  vital  than 
tlie  news  itself.  For  through  that  story  vve  begin 
to  cliseern  the  pattern  of  \  ietory,  not  yet  eoinplete 
in  all  its  details  but  inereasinglv  elear  in  its 
essentials. 

It  is  the  amazing  story  of  how  Ameriean  indiis- 
tr\-  has  responded  to  the  eall  for  the  weapons  of 
total  war,  of  how  its  teehnieians,  workers,  and 
managers  are  driving  through  an  nnpreeedented 
task  of  fantastie  size  and  eomplexity. 

Franee  fell  in  )nne  1940.  During  that  month 
this  eonntry  prodneed  about  SHO.OOO.OOO  in 
war  goods.  By  June  1941  the  Nazis  had  overrim 
the  Balkans;  and  in  that  month  our  war  prodne- 
tion  was  S800,00U,00U.  I'he  fateful  month  of 
Deeember  1941  gave  ns  an  output  of  S1,8U0,- 
()()(),000— an  inerease  better  than  tenfold  in  eight¬ 
een  months.  And  in  May  1942  onr  total  expen¬ 


ditures  for  war  equipment  and  supplies  mounted 
to  the  staggering  total  of  $3,500,000,000. 

riiis  is  an  inerease  of  twentyfold  within  two 
years,  of  itself  a  stupendous  industrial  aehiexe- 
ment.  But  what  is  even  more  important,  that 
aeliievement  already  is  making  itself  felt  the 
world  over  — in  the  Orient,  in  Australia,  in  Fib\a. 
in  Europe,  in  the  Coral  Sea,  at  Midway  Island, 
at  the  Aleutians,  and  wherever  else  we  find  a 
battlefront  manned  by  free  men. 

lb  aeeomplish  it,  many  industries  have  been 
pouring  out  war  materials  at  a  rate  that  only 
six  months  ago  did  not  seem  even  remotely  pos¬ 
sible.  Starting  from  serateh,  onr  faetories  have 
turned  from  their  peacetime  jobs,  first  to  meet 
and  then  to  surpass  the  most  hopeful  estimates 
of  what  might  be  expected  of  them. 

lb  do  this  they  ha\e  drawn  heavily  upon  all 
of  their  resources.  'I'heir  skilled  and  unskilled 


man-power  has  thrown  into  the  task  a  war-born 
to  work;  their  research  staffs  have  bent  to  it 
all  of  their  scientific  resources;  their  engineers 
have  applied  to  it  their  utmost  ingenuity;  their 
executives  have  devoted  to  it  the  full  measure  of 
that  managerial  skill  which  has  won  for  American 
industry  the  respect  of  the  modern  world. 

For  the  first  time  in  history  we  have  pushed 
the  accelerator  of  the  world's  greatest  engine  of 
mass  production  down  to  the  floorboard.  Always 
in  times  of  peace,  factory  men  have  had  to  gear 
production  to  what  the  markets  would  take.  But 
now  the  market  they  are  called  upon  to  serve 
is  hungry  for  the  last  ounce  of  potential  output. 
For  war  confronts  industry  with  a  demand  limited 
only  by  its  capacity  to  produce. 

During  these  feverish  months,  while  a  des¬ 
perate  world  has  watched  breathlessly  to  see  how’ 
American  industry  would  perform  as  the  arsenal 
of  dcmocracv,  we  of  McGraw-Hill  have  followed 
with  mountiug  pride  —  at  times  almost  with  won¬ 
der— a  new  miracle  of  industrial  achievement. 

Some  dav  the  full  story  of  this  American  in¬ 
dustrial  effort  will  fill  a  brilliant  chapter  in  the 
epic  histon’  of  our  times.  Meanwhile  it  would 
be  premature  to  celebrate  the  completion  of  this 
task,  h’or  victory  has  not  yet  been  won;  that  still 
lies  at  the  far  end  of  a  road  that  we  may  find 
to  be  long  and  arduous. 

But  even  now  we  can  be  certain  of  one  essen¬ 
tial  of  that  victory.  American  industry  is  doing 
its  )ob;  it  is  delivering  all  that  the  jx'oplc  have 
asked  of  it  —  and  more. 

As  I  have  watched  with  mv  associates  the  un¬ 
folding  of  this  picture,  I  hav  e  w  ished  that  it  were 
possible  to  broadcast  it,  in  full  color  and  wealth 
of  detail,  to  the  people  of  America,  so  that  they 
could  understand  at  least,  in  part,  the  job  their 
industry  is  doing  for  them.  It  would  help,  it 
seemed  to  me,  if  the  men  of  industn’  themselv  es, 
each  so  intent  on  his  ow  n  task,  knew  what  their 
fellow -w  orkers  in  other  fields  ha\'c  been  doing. 

I  lowever,  the  managers  of  industn’  have  been 
far  too  busv  doing  to  talk.  'Fhey  are  going  to  be 
just  as  busy  for  some  time  to  come.  Naturally, 
manv  details  are  yet  to  be  spread  upon  the 
record  and,  indeed,  the  full  storv  cannot  be 
told.  But  that  part  of  the  storv  that  can  be  told 
is  well  worth  the  telling  and  the  hearing,  if  only 
for  its  revelation  of  the  spirit  of  an  awakened 


America,  throwing  its  all  into  the  fight  against 
the  tyranny  that  has  brought  so  many  of  the 
world’s  little  people  under  its  heel. 

The  1941  war  production  of  the  United  Nations, 
exclusive  of  the  United  States,  equalled  the  total 
1941  war  output  of  Germany  with  all  of  its  captive 
plants  and  enslaved  labor.  Since  Germany's  1941 
operations  were  at  maximum  capacity  no  further 
increase  is  possible.  British  output  has  been  expand¬ 
ing  to  the  point  where  its  1942  production  is  con¬ 
siderably  ahead  of  Germany's. 

In  May  1942  American  war  production  passed 
the  British  output  50  days  ahead  of  schedule.  In 
1943  it  will  be  3  times  that  of  the  British. 

I’his  has  been  brought  about  under  the  lead¬ 
ership  of  Donald  Nelson  and  the  War  Produc¬ 
tion  Board,  the  Army,  the  Navy,  the  Maritime 
Commission,  with  the  cooperation  of  manage¬ 
ment  and  labor.  It  has  been  furthered  by  the 
cooperation  of  Oliver  Lvttclton,  British  Min¬ 
ister  of  Production,  and  other  British  production 
authorities. 

But  the  storv  goes  far  beyond  that.  It  gives 
us  a  glimpse  of  the  America  as  it  will  emerge 
from  this  war,  its  industries  again  setting  world 
standards  of  production,  which  will  become  the 
spearhead  of  our  post-vNar  economy. 

Phis  is  a  storv  that  cannot  be  adec|uatcly  told 
in  generalities.  It  must  be  told  in  some  detail. 
For  instance,  the  great  accomplishments  of  the 
machine  tool  industrv,  the  great  forward  strides 
made  bv  the  aviation  industry,  the  tremendous 
achievements  of  the  chemical  industry,  the  aina/- 
iug  conversion  of  many  industries  will  warm  the 
hearts  of  America;is. 

These  aspects  of  the  subject  deserve  the  full¬ 
est  treatment  and  will  be  told  month  bv  month 
in  these  pages  until  the  storv  has  been  completely 
unfolded.  We  will  trv  to  give  a  concise  overall 
picture  of  the  war  job  that  industn  has  done  and 
still  is  doing.  You  will  find  it  a  thoroughlv  Amer¬ 
ican  storv  of  high  American  achievement  in  w  Inch 
every  American  can  take  pride  and  from  which 
every  Vmcriean  can  take  hope  for  the  future 
of  his  country. 

The  storv  is  far  too  significant  to  be  withheld 
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►  PATENTS  .  .  .  In  a  recent  issue  of 
the  Official  Gazette  of  the  U.  S.  Patent 
Office  is  a  decision  of  the  U.  S.  Court  of 
Customs  and  Patent  Appeals  in  an  in¬ 
terference  case  involving  an  electron 
multiplier.  We  found  this  interesting 
reading  in  spite  of  the  peculiar  lan¬ 
guage  of  the  revered  judges.  One  state¬ 
ment  was  particularly  interesting  in 
view  of  our  recent  addition  of  a  depart¬ 
ment  to  Electronics  dealing  with  new 
patents,  and  the  accompanying  job  of 
trying  to  find  out  from  the  single  claim 
published  in  the  Gazette  the  aim  of  the 
patents  in  question. 

This  statement  says,  “It  may  not  be 
overlooked  that  it  is  a  condition  prec¬ 
edent  to  the  obtaining  of  a  patent  that 
the  applicant  shall,  in  his  written  ap¬ 
plication,  describe  his  claimed  inven¬ 
tion  or  discovery  in  ‘such  full,  clear, 
concise,  and  exact  terms  as  to  enable  a 
person  skilled  in  the  art  *  *  *  to  make, 
construct,  compound,  and  use  the 
same.’  ’’ 

Now  it  seems  to  us  that  if  this  rule 
were  followed,  the  U.  S.  Patent  Office 
Gazette  would  be  the  most  exciting 
reading  possible  for  any  engineer  in 
any  profession.  Instead,  it  is  a  deadly 
bore  because  of  the  fact  that  most  of 
the  claims  of  most  of  the  patents  pub¬ 
lished  are  completely  non-understand- 
able  without  a  great  deal  of  study. 
These  claims  are  written  by  lawyers 
and  not  by  engineers  and  do  not  seem  to 
be  written  with  the  idea  of  disclosing 
some  new  invention  or  discovery  but  to 
prevent  its  disclosure.  Every  time  we 
think  we  are  about  to  learn  something, 
about  to  get  to  the  crux  of  the  patent, 
we  are  shunted  off  into  generalities  and 
really  are  as  much  in  the  dark  as  ever. 

For  example,  let  us  apply  the  rule  of 
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“clear,  concise,  exact”  language  to  the 
following  claim  in  a  patent  allowed  for 
making  selenium  rectifiers. 

“1.  The  method  of  manufacturing 
selenium-coated  electrical  devices  of  the 
general  character  indicated,  which  in¬ 
cludes  applying  amorphous  selenium  to 
an  auxiliary  member,  heating  an  elec¬ 
trode  member,  applying  a  selenium- 
coated  side  of  said  auxiliary  member 
to  said  electrode  member,  subjecting  the 
selenium  to  a  formation  process,  and 
then  removing  said  auxiliary  member, 
all  of  the  above-mentioned  steps  being 
performed  in  a  partial  vacuum.” 

Now  we  gather  from  this  that  the  in¬ 
vention  consists  of  making  a  selenium 
rectifier  in  a  vacuum.  If  the  individual 
steps  or  a  summation  of  these  steps  de¬ 
scribed  here  is  the  invention,  it  is  de¬ 
scribed  in  such  general  terms  that  any¬ 
one  “applying  amorphous  selenium  to 
an  auxiliary  member”,  or  “heating  an 
electrode  member”,  or  “applying  a  *  *  * 
side  of  the  auxiliary  member  to  the 
electrode  member”,  or  “subjecting  the 
selenium  to  a  formation  process”  (un¬ 
described),  or  “removing  auxiliary 
member”  in  a  vacuum  would  infringe 
this  patent. 

Here  is  another,  this  one  dealing  with 
electric  welding.  The  claim  states: 

“4.  An  electric  welding  system  com¬ 
prising,  in  combination,  a  welding  cir¬ 
cuit  including  a  movable  electrode  and 
the  work,  electrically  operable  means 
for  advancing  said  electrode  toward 
the  work,  said  means  receiving  energy 
solely  from  said  welding  circuit;  and  a 
control  device;  operable  to  establish  the 
flow  of  current  to  said  means  only  when 
the  welding  voltage  exceeds  a  pre¬ 
selected  value.” 

The  crux  here  seems  to  be  “a  control 


device”  (not  described)  to  establish 
flow  of  current  when  the  voltage  is  at 
some  pre-determined  value. 

Could  anyone  skilled  in  the  art 
“make,  construct,  compound,  and  u.se” 
what  is  described  in  these  claims?  We 
doubt  it.  Not  enough  information  is 
given;  too  much  is  claimed.  Certainly 
if  someone  doped  out  a  “control  device” 
to  establish  flow  of  current  etc.,  he 
would  infringe  this  claim,  if  we  read 
the  thing  correctly. 

We  are  not  unmindful  of  the  fact 
that  but  a  single  claim  has  been  read, 
and  that  the  forematter  of  most  patents 
gives  real  information;  or  that  we  may 
misunderstand  the  function  of  the 
Gazette.  But  we  also  remember  that  the 
British  publication  corresponding  to  the 
Gazette,  which  no  longer  reaches  us 
due  to  the  war,  gave  much  more  read¬ 
able  information,  enough  in  fact  that 
one  not  too  highly  skilled  in  the  art 
could  tell  what  the  inventor  had  in¬ 
vented. 

We  wish  to  encourage  “full,  clear, 
concise  and  exact  terms”  in  describing 
inventions,  and  we  gather  that  in  the 
interference  case,  which  brought  up 
this  present  matter,  the  inventor  had  not 
used  such  language  in  his  patent  but 
that  he  had  “implied”  certain  matters 
which  were  adequately  described  in  a 
brief  submitted  in  the  interference  but 
which  were  not  so  described  in  the 
patent  claims. 

It  is  our  belief  that  if  patents  in  this 
country  were  written  in  “full,  clear, 
concise  and  exact  terms”,  much  less  in¬ 
tentional  or  accidental  infringement 
would  occur,  because  the  purpose  of 
the  invention  and  the  means  employed 
would  be  so  easily  understood  there 
could  be  no  equivocation  about  it. 
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PLASTICS 


By  JOHN  SASSO 

Product  Engineering 


Plastic  molding  insulating  support  ior  radio  sonde  equipment 


IN  preparing  to  design  a  product 
consisting  wholly  or  in  part  of 
plastic  material,  the  engineer  must 
investigate:  (1)  The  physical,  ther¬ 
mal,  electrical  and  chemical  prop¬ 
erties  of  the  plastic,  to  determine 
whether  it  will  withstand  the  speci¬ 
fied  operating  conditions  to  which  it 
will  be  subjected,  and  its  expected 
service  life.  (2)  Design  limitations  of 
the  plastic  material,  which  relate 
somewhat  to  its  physical  properties 
but  which  to  a  great  extent,  will  de¬ 
pend  on  the  method  of  production  of 
the  finished  part.  (3)  Economy  of 
production,  which  takes  into  consid¬ 
eration  the  cost  of  molds  and  tools, 
the  time  involved  in  tooling,  and  the 
expected  quantity  of  parts  to  be  ob¬ 
tained  from  the  initial  tooling.  (4) 
The  cost  of  the  plastic  product  in  re¬ 
lation  to  the  market  of  similar  prod¬ 
ucts  made  of  other  materials,  consid¬ 
ering  what  advantages  the  plastic 
product  may  have  in  structural  qual¬ 
ities,  lightness  of  weight,  and  ap¬ 
pearance.  In  many  instances,  it  may 
be  possible  to  sacrifice  strength  con¬ 
siderations  for  appearance. 

The  wide  range  of  plastic  mate¬ 
rials,  some  available  with  special 


*The  material  in  this  articin  hat  been  condensed 
from  h4r.  Sasso's  forthcoming  book,  "Piasfics  for 
fhe  Mechanical  Engineer",  McGraw-Hill  Book  Co. 


physical  properties  to  meet  certain 
application  requirements,  makes  the 
choice  of  a  proper  material  difficult 
for  the  designer  not  too  well  versed 
in  the  plastics  field.  Much  data  has 
been  published  on  the  various  mate¬ 
rials,  their  properties  and  charac¬ 
teristics,  but  the  mass  of  it  is  so 
great  and  the  field  of  application  so 
broad  that  it  is  hard  for  the  engineer 
to  get  a  clear  definitive  picture  that 
will  enable  him  to  evaluate  plastic 
materials  in  relation  to  the  particular 
design  problem  at  hand. 

One  method  of  classifying  the  plas¬ 
tic  of  interest  to  the  engineer  is  to 
divide  the  available  materials  into 
thermosetting  and  thermoplastic 
groups.  Progress  in  the  chemistry 
of  plastics  and  in  the  development  of 
new’  fillers  has  been  so  rapid,  how¬ 
ever,  that  there  are  types  which  can 
fall  into  either  group.  Hard  and  fast 
distinction  cannot  always  be  made. 

For  the  purposes  of  definition,  it 
may  be  said  that  a  thermosetting  ma¬ 
terial  is  one  that  under  the  applica¬ 
tion  of  heat  and  pressure  “polymer¬ 
izes”  into  a  hard  infusible  product 
which  will  not  soften  to  any  extent  on 
reheating  and  cannot  be  remelted  and 
remolded.  A  thermoplastic  material 
can  be  softened  by  heat  and  rehard¬ 
ened  into  solid  state  by  cooling.  The 


most  obvious  distinction  between 
thermosetting  and  thermoplastic  ma¬ 
terials  is  that  the  latter  may  be  re¬ 
melted  and  remolded  many  times. 

The  effect  of  heat  on  the  two  types 
should  be  made  apparent.  Because  a 
material  is  thermosetting,  it  does  not 
necessarily  follow  that  it  is  particu¬ 
larly  resistant  to  heat.  Nor  does  it 
necessarily  follow  because  a  thermo¬ 
plastic  can  be  softened  by  heat,  that 
thermoplastics  have  no  heat  resis¬ 
tance.  Working  temperatures  for 
both  may  approach  200  deg.  F.  At 
higher  temperatures  the  thermoset¬ 
ting  material  may  char,  then  decom¬ 
pose  ;  the  thermoplastic  material  will 
soften  until  fluid,  then  perhaps  de¬ 
compose  if  the  temperature  rises 
high  enough. 

Plastics  are  derived  from  syn¬ 
thetic  resins,  cellulose  derivatives, 
natural  resins,  and  protein  sub¬ 
stances.  So  many  types  are  available 
commercially  that  it  is  difficult  to 
classify  them  simply.  For  the  pur¬ 
poses  of  a  brief  consideration  of 
those  plastics  on  the  market  at  pres¬ 
ent,  classification  is  made  with  re¬ 
spect  to  their  origin  and  to  whether 
they  are  thermosetting  or  thermo¬ 
plastic.  The  table  covers  only  those 
plastic  materials  derived  from  syn¬ 
thetic  resins  and  cellulose  compounds. 
Groups  not  considered  are  the  pro¬ 
teins  (casein)  and  na.tural  resins 
(.shellac,  rosin,  asphalt,  pitch). 


Thermoplastic  Thermosetting 
SYNTHETIC  RESINS 


Polystyrene 

Polymethyl 

methacrvlate 


Phenol- 

or  Cresol-aldehydes 
Urea-aldehydes 


Polyvinyl  chloride-  Melamine- 
acetate  formaldehyde 

Polyvinyl  chlorides  \niline-formaldehyde 
Polyvinyl  acetate  Glyceryl-phthalates 
Polyvinyl  acetals 
Vinylidene  chloride 

CELLULO.^E  DERIVATIVES 
Cellulose  nitrate 
C.ellulose  acetate 
Cellulose  acetate-butyrate 
Eth\l  cellulose 
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in  the  ELECTRONICS  FIELD 


With  the  vast  demand  for  military  purposes,  plastics  are  filling  an  increasing  need  for  an 
insulating  and  structural  material  in  the  electronics  and  communications  field.  How  to 
make  the  hest  use  of  these  materials  is  the  subject  of  this  article 


Binders,  fillers,  plasticizers,  dyes, 
lubricants,  and  solvents  are  among 
the  various  basic  substances  which 
are  used  in  the  production  of  plastic 
molding  materials.  This  listing  is 
chemically  inaccurate,  since  it  is  by 
no  means  complete,  and  different  sub¬ 
stances  can  serve  multiple  purposes 
in  the  formulation. 

Plastics  used  widely  in  electrical 
applications  are  phenol  formalde¬ 
hyde,  with  special  fillers,  laminated 
phenolic  (paper  or  fabric  base),  urea 
formaldehyde  and  the  new  urea-mela¬ 
mine  formaldehyde.  These  are  com¬ 
pression-molded  thermosetting  mate¬ 
rials.  Of  the  injection-molded  ther¬ 
moplastic  materials,  polystyrene, 
ethyl  cellulose,  vinyl  copolymers 
methyl-methacrylate  and  cellulose 
acetate  are  widely  used. 

Many  factors  affect  the  properties 
of  molded  plastics  such  as  the  method 
of  compounding,  types  of  fillers  used, 
cure,  ambient  temperature,  and  hu¬ 
midity.  Those  that  principally  affect 


cial  high  electrical,  chemical,  and 
impact  resistance,  or  to  improve 
moldability.  Fillers  are  especially 
important  in  the  phenolic  materials, 
and  they  make  possible  the  hundreds 
of  formulations  offered  by  materials 
manufacturers.  Typical  fillers  for 
phenolics  include  wood,  flour,  cotton, 
fabric,  graphite,  asbestos,  mica. 
Urea  resins  are  generally  com¬ 
pounded  with  purified  w'ood  cellulose 
(alpha-cellulose). 

Effects  of  Fillers 

Wood  flour  is  the  most  common 
filler  used  in  phenolic  materials.  This 
filler  has  a  low  specific  gravity,  there¬ 
fore  the  number  of  moldings  per 
pound  is  higher.  Other  advantages 
of  its  use  are  good  moldability,  good 
appearance  of  the  molded  surface, 
low  heat  conductivity.  However, 
wood  filled  phenolics  have  only  fair 
impact  strength  and  are  subject  to 


shrinkage  in  service.  Applications  of 
the  general-purpose  wood-filled  phe¬ 
nolics  are  limited  only  by  strength 
and  heat  resistance. 

Cotton  fillers  improve  impact 
strength  and  increase  impact  resis¬ 
tance.  Although  for  higher  impact 
strength  rag  filler  is  used,  cotton 
flock  is  widely  used  for  parts  requir¬ 
ing  medium  impact  strength.  Parts 
made  of  cotton  filled  phenolic  can  be 
easily  buffed  and  polished,  and  can 
be  tableted  easily  —  an  important 
factor  in  maintaining  high  hourly 
production  rates  in  compression 
molding  operations. 

Rag  fillers  increase  impact 
strength,  the  increase  depending  on 
the  length  and  type  of  fiber.  This  in¬ 
crease  in  strength  is  obtained  at  the 
expense  of  other  properties,  notably 
poor  surface  finish,  and  poor  machin- 
ability.  Intricate  parts  have  rela¬ 
tively  poor  flow’  in  the  molding  op¬ 
eration. 


electrical  properties  are  types  of  fil¬ 
lers  used,  ambient  temperature  and 
humidity  conditions.  Thus  the  data 
presented  in  this  article  are  of  value 
principally  on  a  relative  basis  for  a 
given  property.  The  data  were  ob¬ 
tained  for  the  most  part  under  stand¬ 
ard  ASTM  test  conditions.  It  cannot 
be  assumed  that  a  material  which 
show’s  a  dielectric  strength  of  250 
volts  per  mil  under  standard  test  will 
show’  that  same  dielectric  strength 
for  a  different  thickness  under  dif¬ 
ferent  conditions  of  temperature  and 
humidity.  Comparative  presentation 
does  show  what  compromise  may  be 
necessary. 

Fillers 

Added  to  resins,  fillers  make  a 
wide  range  of  properties  possible. 
Thus  special  fillers  may  be  com¬ 
pounded  w’ith  the  resin  to  obtain  spe- 


TABLE  I— DIELECTRIC  CONSTANTS 


Code 

Name  of  Material 

Dielectric  Constant  at  Frequency  of 

A 

Phenol  formaldehyde 

60  cps 

10’  cps 

10*  cps 

wood  flour  filler 

4.12 

4-8 

4.5-8 

fabric  filler 

5-10 

4.5  —  6 

4.5-6 

mineral  filler 

5-20 

4.5-20 

4.5-20 

B 

Phenol  furfural 

5 . 1 

5.0 

4  9 

C 

Cast  phenolic 

5-10 

5-7 

E 

Urea  formaldehyde 

6  6-8.6 

6  6  —  7  7 

F 

Urea  melamine-formaldehyde 

11.5 

G 

Polystyrene 

2  6 

2.5 

2.5 

H 

Cellulose  acetate 

3.5  -  6.4 

3.5-64 

3.2-6  2 

I 

Methyl  methacrylate 

3-3.7 

3-3.5 

2.8-33 

J 

Ethyl  cellulose 

2.7 

3.7-4  0 

3  2-35 

K 

Vinyl  co-polymer 

3. 2-3. 6 

3.2-34 

3.0-3  4 

L 

Vinylidene  chloride 

3-5 

3-5 

3-5 

Hard  rubber 

2-8 

2. 8-3. 4 

3 
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TABLE  III— POWER  FACTOR 


TABLE  II— DIELECTRIC 
STRENGTH  OF  PLASTICS 


Dielectric 
Name  of  Strength  at 

Code  Material  10*  cps* 

A 

Phenol  formaldehyde 
wood  flour  filler 
mineral  filler 

300  -  500 
250  -  400 

B 

Phenol  furfural 

575  -  600 

C 

Cast  phenolic 

300  -  450 

E 

Urea  formaldehyde 

650  -  720 

F 

Urea  melamine-formal¬ 
dehyde 

340  -  410 

G 

Polystyrene 

500  -  525 

H 

Cellulose  acetate 

350  -  900 

I 

Methyl  methacrylate 

500 

K 

Vinyl  co-polymer 

400  -  500 

L 

Vinylidene  chloride 

Short  timo  tost  on  V4-iB. 

500 

•ccmpl*  in 

▼olta  par  mil. 


Code  Name  of  Material 

A  Phenol  formaldehyde 
wood  floiir  filled 
fabric  filled 
mineral  filled 
B  Phenol  furfural 
C  Cast  phenolic 
D  Laminated  phenolic 
paper  base 
fabric  base 

£  Urea  formaldehyde 
F  Urea  melamine-formaldehyde 
G  Polystyrene 
H  Cellulose  acetate 
I  Methyl  methacrylate 
J  Ethyl  cellulose 
K  Vinyl  co-polymer 
L  Vinylidene  chloride 


Power  Factor  at  Frequency  of 
60  cps  10*  cps  10*  cps 


0.04-0.30 

0.08-0.30 

0.10-0.30 

0.1-0.02 

0.025-0.20 


0.04-0.06 

0.15-0.17 

0.0002-0.0003 

0.01-0.06 

0.05-0.07 

0.007 

0.01-0.04 

0.03-0.08 


0.04-0.15 
0.08-0.20 
0.10-0.20 
0.01  -  0.15 
0.005-0.08 


0.005-0.025 

0.01-0.02 

0.03-0.15 


0.03-0.1 
0.04-0.1 
0.005-0.1 
0.005-0.1 
0.01  -0.05 

0.02-0.08 

0.02-0.08 

0.027-0.03 


0.015-0.03 
0!007-0.03 
0.01  -0.02 
0.03-0.05 


0.0002-0.0003  0.0002-0.0003 
0.01-0.06  0.01  -0.05 

0.06-0.07 


When  heat  resistance  is  paramount 
in  the  molded  part,  asbestos  is  used 
as  filler.  Asbestos  filler  also  imparts 
a  good  degree  of  water  resistance,  as 
well  as  resistance  to  most  acids. 
These  fillers  also  somewhat  retard 
the  molding  operation  because  of  re¬ 
duced  flow.  Another  disadvantage  is 
the  high  specific  gravity,  which  of 
course  proportionately  reduces  the 
output  of  parts  per  pound  of  molding 
material. 

Mica  is  used  to  impart  good  elec¬ 
trical  resistance;  it  is  the  filler  used 
for  low-loss  compounds  with  excellent 
insulating  qualities.  Poor  machin- 
ability  is  a  characteristic  because  of 
brittleness;  parts  molded  of  mica- 
*  filled  compounds  cannot  be  drilled. 

Graphite  fillers,  generally  used  in 
combination  with  wood  flour,  asbes¬ 
tos,  and  rag,  impart  acid  resistance 
and  improve  molding  qualities  be¬ 
cause  the  graphite  serves  as  lubri¬ 
cant.  However,  poor  heat  conductiv¬ 
ity  is  noted.  This  filler  is  used  for 
moldings  of  bearings,  caster  wheels, 
slides,  and  the  like. 

Other  fillers,  of  course,  are  used. 
For  instance,  to  increase  the  yield 
per  pound  of  molded  parts,  a  low  spe¬ 
cific  gravity  substance  such  as  silica 
in  diatomaceous  form  can  be  used. 
As  a  filler  this  substance  w’ill  give 
fair  electrical  properties  and  reason¬ 
ably  low  water  absorption.  Barium 
sulphate  fillers  add  chemical  resis¬ 
tance.  Talc  imparts  lubricating  qual¬ 
ities. 

To  summarize,  fillers  are  added  to 
resins  to  obtain  qualities  that  the 
resin  itself  does  not  have  (hardness. 


electrical  strength,  chemical  resis¬ 
tance),  or  they  may  be  added  to  speed 
fabrication  (lubricants).  Experi¬ 
mentation  is  continuing  among  man¬ 
ufacturers,  and  interesting  results 
are  being  obtained  with  certain  or¬ 
ganic  fillers  such  as  soy-bean  protein 
for  flow  properties,  and  raimi  fiber 
for  increased  strength. 

Rcfum*  of  the  More  Important  Types 
Phenol-Formaldehyde 

Phenolic  resins  are  thermosetting 
in  nature  and  in  their  final  or  cured 
forms  are  infusible  and  insoluble. 
They  can  be  compounded  with  fillers 
and  reinforcing  agents  so  as  to  ob¬ 
tain  a  broad  range  of  physical,  elec¬ 
trical,  chemical  and  molding  proper¬ 
ties.  This  material  is  very  widely 
used  in  industry.  Cast  phenolics  have 
recently  been  found  useful  in  indus¬ 
trial  applications  such  as  pump  gears. 
Of  course  they  have  long  been  used 
because  of  their  gem-like  luster,  wide 
color  selection  and  easy  machinabil- 
ity.  On  the  other  hand,  molded  phe¬ 
nolics  have  only  fair  machinability 
and  are  definitely  limited  in  available 
colors. 

Molding  materials  are  available  in 
powdered,  granular,  or  blank  sheet 
form.  Laminated  and  cast  materials 
are  available  as  sheets,  rods,  bars, 
and  tubes. 

Molded  phenolics  are  used  for 
cams,  bearings,  switch  boxes,  motor 
housings,  and  radio  housings.  Lam¬ 
inated  phenolics  are  used  for  gears, 
bearings,  and  parts  requiring  elec¬ 
trical  insulating  characteristics. 


Urao-Formaldahyd* 

The  urea  plastic  materials  possess 
the  unusual  combination  of  thermo¬ 
setting  qualities  and  a  wide  assort¬ 
ment  of  colors,  including  many  of 
the  delicate  pastel  shades.  Ureas 
have  good  dielectric  qualities,  good 
tensile  and  flexural  strength.  Urea 
molding  materials  are  available  in 
powder  or  granular  form  and  the 
laminated  materials  are  available  in 
sheet  form. 

Urea  moldings  have  been  success¬ 
ful  for  such  applications  as  scale 
housings,  thermostat  housings,  light¬ 
ing  fixtures,  clock  casings,  and  radio 
cabinets.  Unquestionably  the  fine 
and  wide  assortment  of  colors,  in¬ 
cluding  white  and  pastel  shades,  com¬ 
bined  with  moldability  and  insulat¬ 
ing  properties  has  led  to  their  wide 
use.  Urea  adhesives  are  a  most  im¬ 
portant  factor  in  the  recent  expan¬ 
sion  of  the  plywood  industry. 

Acrylic  Resins  • 

The  acrylic  resins  possess  some  of 
the  most  desirable  optical  properties 
of  the  transparent  plastic  materials. 
Because  of  crystal  clarity,  stability 
and  resistance  to  weathering,  and 
moldability,  acrylics  have  attained 
wide  popularity  as  an  organic  glass. 
Since  acrylics  are  thermoplastic  in 
nature,  they  can  be  easily  fabricated 
into  complicated  shapes  or  forms 
wherein  transparency  and  “light-pip¬ 
ing”  are  useful  characteristics.  Acry¬ 
lic  resins  are  available  as  molding 
powders  or  as  cast  sheets,  rods,  bars, 
and  tubes. 
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Typical  applications  include  air¬ 
craft  cockpit  enclosures  and  “blis¬ 
ters,”  instrument  dials  and  bezels, 
transparent  housings,  molded  re¬ 
flectors. 


Polystyrene 

This  thermoplastic  material  is 
noted  for  its  excellent  dielectric  prop¬ 
erties  and  crystal  clarity.  The  mate¬ 
rial  exhibits  increase  of  strength  as 
temperature  decreases  and  has  ex¬ 
cellent  chemical  resistance.  Molding 
materials  are  available  in  granular 
form  for  compression  as  well  as  in¬ 
jection  molding. 

Polystyrene  has  been  used  as  an 
insulating  foil  for  radio  condensers 
and  coil  insulation.  It  has  been  de¬ 
signed  into  coil  supports  for  high 
frequency  apparatus  and  instrument 
housings,  supports  for  the  conductor 
in  coaxial  cables,  and  'acid-proof 
closures,  refrigerator  parts,  and  in¬ 
strument  lenses. 

Vinyl  Co-Polymer 

Of  the  same  family  "group  which 
includes  the  polystyrenes,  the  co¬ 
polymers  of  vinyl  chloride  and  vinyl 
acetate  have  unusual  chemical  inert¬ 
ness  and  produce  transparent,  trans¬ 
lucent  and  opaque  moldings.  They 
have  good  elasticity  at  low’  tempera¬ 
ture,  possess  toughness  and  excellent 
dimensional  stability. 

Cellulose  Acetate 

Developed  to  overcome  flammabil¬ 
ity  and  instability  in  sunlight,  cellu¬ 
lose  acetates  first  came  into  promi¬ 
nence  as  safety  film  for  motion 
pictures.  Characteristically,  they 
possess  toughness  and  resiliency  and 
are  available  in  a  tremendously  wide 
range  of  colors.  Forms  available  are 
sheets,  rods,  tubes,  bars,  molding 
blanks,  molding  powders  of  every  de¬ 
scription,  films,  packaging  materials, 
and  foils. 

Among  the  applications  are  numer¬ 
ous  industrial  articles,  such  as  radio 
cabinets  and  parts,  flashlight  hous¬ 
ings,  instrument  lenses  and  many 
other  injection  molded  pieces. 

Other  cellulose  derivatives  of  im¬ 
portance  are  cellulose  acetate-buty¬ 
rate,  a  molding  material  of  high  im¬ 
pact  strength  and  ethyl-cellulose,  a 
plastic  similar  to  acetate  having  in¬ 
ertness  to  alkalies  and  dilute  acids, 
and  flexibility  at  low  temperatures. 


Comparative  Propartiat  of  Plastic 
Materials 

The  following  general  tabulations 
and  comments  on  properties  and  char¬ 
acteristics  are  offered  only  as  a 
means  for  quick  comparative  study. 
A  word  of  caution  is  necessary  be¬ 
cause  plastics  are  synthetics,  hence 
atmospheric  conditions,  operating 
conditions,  formulation,  molding  and 
curing  will,  to  a  greater  or  lesser  ex¬ 
tent,  influence  their  behaviour  under 
service. 

The  engineer  should  make  it  a  fun¬ 
damental  rule,  after  first  studying  a 
plastic  material  for  possible  inclu¬ 
sion  in  his  design,  to  get  full  infor¬ 
mation  on  that  material  from  the 
manufacturer  with  particular  refer¬ 
ence  to  what  test  conditions  were 
used  to  determine  physical,  chemical, 
thermal  and  electrical  values.  In  this 
connection,  the  A.S.T.M.  has  pub¬ 
lished  specifications  and  testing 
standards  for  plastics  that  have  be¬ 
come  accepted  throughout  the  in¬ 
dustry.  Consultation  with  an  experi¬ 
enced  molder  before  final  design 
prints  are  made  will  repay  the  en¬ 
gineer  in  many  ways.  The  molder 
knows  how  various  materials  will  be¬ 
have  under  fabrication,  and  whether 
it  is  economically  feasible  to  use  the 
desired  fabrication  process.  Further, 
he  may  be  in  a  position  to  suggest 

Sockets,  coil  forms,  transmission  line 
beads  and  other  radio  parts  are  made 
of  crystal  clear  plastic  for  reasons  of 
appearance  as  well  as  of  insulation 


slight  changes  in  design  that  will 
speed  production  and  may  reduce 
cost. 

It  is  important  in  design  to  deter¬ 
mine  the  maximum  temperature  to 
which  the  part  w’ill  be  subjected. 
This,  of  course,  has  been  stressed 
previously.  Proper  measures  taken 
during  design  may  avoid  failures  due 
to  temperature.  Temperature  may 
cause  changes  in  physical  dimensions 
because  of  softening.  It  may  also  in¬ 
crease  creep  and  cold  flow’,  and  cause 
dehydration  or  volatilization  of  the 
plasticizer.  The  heat  distortion  point, 
as  determined  by  standard  test, 
serves  as  a  criterion.  As  a  matter  of 
caution,  it  is  w’ell  to  consider  that  the 
greater  the  stress  in  a  part,  the  lower 
the  safe  temperature  of  operation. 
Along  with  the  heat  distortion  point, 
the  engineer  should  investigate  the 
effect  of  that  temperature  on  other 
properties  of  the  plastic.  Urea  em¬ 
brittles  at  temperatures  over  170 
deg.  F.  Others  may  lose  color  or 
dielectric  strength. 

Thermal  expansion  is  a  particu¬ 
larly  important  design  factor  in  prod¬ 
ucts  combining  plastics  and  metals, 
particularly  where  mating  parts  are 
concerned,  since  shrinkage  and  ex¬ 
pansion  are  considerably  greater  in 
plastics  than  in  metals.  Thermal  ex¬ 
pansion  must  be  considered  in  rela¬ 
tion  to  chemical  changes  which  occur 
with  aging  and  heat,  such  as  dehy¬ 
dration,  volitalization  of  plasticizer. 
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An  important  foaturo  of  plastics  is  tho  facility  with  which  they 
may  be  machined.  In  this  example,  machined  annular  rings  are 
used  os  insulating  supports  for  metollic  elements 


Equally  important  is  the  ease  with  which  metal  inserts  may  be 
incorporated,  in  the  molding  process,  to  form  a  complicated  in¬ 
sulating  element  with  conducting  parts 


and  even  polymerization.  These  will  gation  of  service  conditions  and  to  air  as  the  dielectric,  is  usually  meas- 
all  cause  slight  shrinkage  when  they  test  thoroughly  the  plastic  materials  ured  at  60  cycles,  10’  cycles,  and  10* 
occur.  The  effect  of  these  variables  before  final  specifications.  cycles.  These  constants  are  of  par- 

can  be  minimized  by  proper  design.  Six  characteristic  factors  are  ticular  importance  in  radio  circuits. 

It  will  be  found  that  temperature  usually  studied  before  specifying  a  They  are  tabulated  below  for  com- 
has  a  decided  effect  on  other  proper-  plastic  material  for  an  application  parative  analysis;  the  values  given 
ties  of  plastics,  reducing  electrical  where  electrical  properties  are  of  are  based  on  manufacturers’  litera- 
properties,  lowering  chemical  resis-  paramount  importance.  These  are  ture. 

tance,  and  as  mentioned  previously,  dielectric  constant,  dielectric  Dielectric  strength,  or  the  maxi- 
exerting  considerable  influence  on  strength,  power  factor  and  loss  fac-  mum  voltage  that  a  material  will 
physical  properties.  tor,  insulation  resistance,  arc  resis-  withstand  before  puncture,  divided 

Electric  I  Pr  rt'  tance.  They  are  not  necessarily  by  the  thickness  of  the  material,  is 

•c  r  ca  rop*  les  listed  in  order  of  importance  as  the  expressed  in  volts  per  mil.  Two  fac- 

Plastics  are  used  in  many  electrical  particular  application  will  determine  tors  seriously  affect  this  measure : 
applications  as,  for  example:  radio  this.  And,  of  course,  temperature  the  rate  of  voltage  increase  and  the 
parts,  aircraft  and  switch  mountings,  and  moisture  conditions  must  be  thickness  of  the  material  under  test, 
and  housings.  They  serve  both  struc-  brought  into  the  analysis  before  final  Three  methods  of  testing  are  ap- 
tural  and  insulating  purposes,  and  in  choice  and  design  is  made.  proved  and  have  been  standardized 

addition  offer  the  advantages  of  The  dielectric  constant,  or  ratio  of  by  the  A.S.T.M.  These  are  short- 
quick  assembly  and  good  appearance,  the  capacity  of  a  condenser  with  a  time  test,  step-by-step  method,  and 

Electrical  properties  of  plastics  in  given  dielectric  to  its  capacity  with  endurance  test.  Of  these,  the  easiest 

service  depend  to  a  great  extent  upon  to  apply  and  the  most  commonly  used 

proper  design,  operating  tempera-  .  is  the  short-time  test,  where  the  ap- 

tures,  and  conditions  of  humidity.  TABLE  IV— WATER  ABSORPTION  voltage  is  increased  at  the  rate 

Many  times  it  will  be  possible  by  .  of  0.5  kilovolts  per  sec.  until  puncture 

proper  design  to  obtain  better  elec-  ,  Per  Cent  Water  occurs.  Material  thickness  is  meas- 

trical  performance  of  the  part,  uen-  code  Material  in  24  Hours  ured  at  point  of  failure.  Dielectric 

erally  speaking,  high  temperature  ad-  ^  Phenol  formaldehyde  strength  is  a  function  of  tempera- 

versely  affects  electrical  properties.  wood  flour  filled  0.2 -0.6  ture ;  the  higher  the  temperature  the 

Dielectric  constants  of  the  phenols  fa^c  filled  0.5 -2.5  lower  the  dielectric  strength.  With 

change  considerably  with  increase  mineral  fiUed  o.oi  0.3  laminated  plastics,  tests  made  par- 

in  temperature.  At  high  operating  Laminated  phenolic  laminations  will  give 

temperatures  dielectric  strength  is  paper  base  0.3 -9.0  lower  dielectric  strengths.  As  fre- 

adversely  affected,  as  is  insulation  re-  glass  fabric  base  0.3  -  0.5  quencies  increase,  dielectric  strength 

sistance.  Moisture  also  affects  elec-  E  Urea  formaldehyde  1.0-3.0  decreases. 

trical  properties.  Dielectric  constants  ^  Urea  melamine-  Other  factors  that  influence  dielec- 

and  power  factor  of  phenolic  molded  formaldehyde  0.2 -0.5  g^j-ength  are  fillers  (mica-filled 

increase  often  in  proportion  to  the  ^  Polystyrene  o.o  phenolics  are  high,  graphite-filhed 

amount  of  water  absorbed.  The  water  j  Methylmethacrylate  0.4 -0.5  manufacturing  variables,  ex¬ 
absorption  of  some  of  the  plastic  j  Ethyl  cellulose  o!3  -  l.5  posure  of  material  to  high  humidity, 

materials  reduces  surface  resistivity.  k  Vinyl  co-polymer  0.05 -^.15  Table  II  shows  the  approximate  di- 

Obviously,  it  is  to  the  interest  of  the  l  Vinylidene  chloride  0  0  electric  strengths  available  in  mate- 

designer  to  make  a  thorough  invest!-  rials  customarily  used. 
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TABLE  IV— WATER  ABSORPTION 

Per  Cent  WatCT 

Name  of  Absorption 

Code  Material  in  24  Hours 

A 

Phenol  formaldehyde 

wood  flour  filled 

0.2-0. 6 

fabric  filled 

0.5-2. 5 

mineral  filled 

0.01-0.3 

C 

Cast  phenolic 

0.01-0.5 

D 

Laminated  phenolic 

paper  base 

0. 3-9.0 

glass  fabric  base 

0.3-0. 5 

E 

Urea  formaldehyde 

1. 0-3.0 

F 

Urea  melamine- 

formaldehyde 

0.2-0. 5 

G 

Polystyrene 

0.0 

H 

Cellulose  acetate 

1.2-6. 8 

I 

Methyl  methacrylate 

0.4-0. 5 

J 

Ethyl  cellulose 

0.3r  1.5 

K 

Vinyl  co-polymer 

0.05 -^.15 

L 

Vinylidene  chloride 

0  0 

Power  factor,  or  ratio  of  power 
loss  in  watts  to  the  volt-amperes 
through  a  capacitor  in  which  that 
material  is  the  dielectric,  is  impor¬ 
tant  in  the  design  of  radio  frequency 
insulators.  Moisture  absorbing  char¬ 
acteristics  of  the  materials  are  im¬ 
portant,  as  the  power  factor  may 
change  with  absorption  of  water.  For 
this  reason,  polystyrene  has  attained 
wide  acceptance  in  the  electrical  field ; 
its  moisture  absorption  is  negligible. 

Phenolic  materials  of  the  “low- 
loss”  type  have  mica-fillers  and  are 
carefully  dehydrated,  but  they  can¬ 
not  compare  with  the  polystyrene 
which  has  a  power  factor  of  0.0001  at 
60  cps.  Ethyl  cellulose  shows  up  well 
in  this  test,  and  is  reported  with  a 
power  factor  of  0.0007. 

Loss  factor,  or  the  product  of 
power  factor  and  dielectric  constant 
may  be  of  help  in  comparing  mate¬ 
rials,  since  it  gives  an  idea  of  the 
heat  generation  rate  per  unit  volume 
at  certain  test  conditions. 

Insulation  resistance  of  plastic 
materials  is  fairly  high  and  ranges 
from  10“  ohms  per  cm  cube  for  poly¬ 
styrene  to  10“  for  phenolic.  Surface 
conditions  will  affect  the  insulation 
resistance,  as  will  moisture  and  high 
temperatures.  Moisture  and  temper¬ 
ature  are  particularly  critical.  Here 
again,  the  engineer  will  do  w’ell  to 
make  careful  tests  before  proceeding 
too  far.  The  A.S.T.M.  has  devised 
tests  to  be  made  under  certain  speci¬ 
fied  conditions  of  temperature  and 
humidity.  These  will  serve  as  a  good 
measure  of  the  materials’  ability  at 
the  temperature  and  humidity  condi¬ 
tion  of  the  test.  As  to  behavior  at 
elevated  temperatures,  further  test¬ 
ing  and  experience  of  others  are  the 
only  guides  available.  Much  work 
has  been  done  on  this  subject,  and 
the  engineer  will  do  well  to  consult 
with  manufacturers  before  proceed¬ 
ing  too  far  with  his  design. 

Arc  resistance  is  a  measure  of  the 
behavior  of  the  material  under  a 
power  arc,  to  determine  the  amount 
of  carbonization.  It  is  important  to 
consult  the  manufacturer  if  arc  re¬ 
sistance  is  a  requisite  of  the  design. 
Arc  resistance  is  of  particular  im¬ 
portance  in  switch  design.  Proper 
engineering  can  do  much  to  reduce 
the  danger  of  tracking. 

MoistHre  Resistance 

The  amount  of  moisture  absorbed 
will  affect  dielectric  qualities,  ap¬ 


pearance,  and  sometimes  dimension 
of  the  molded  part.  Polystyrene  and 
vinylidene  chloride  show  the  least 
moisture  absorption  of  all  the  plas¬ 
tics,  the  cellulose  acetates  behaving 
poorly  in  this  respect.  Some  of  the 
laminated  phenolics  are  compounded 
for  low  water  absorption  to  obtain 
better  electrical  properties. 

After  these  properties  are  studied, 
strength,  moldability  around  inserts, 
heat  and  moisture  resistance,  dimen¬ 
sional  change  on  aging  must  be  con¬ 
sidered  before  the  final  choice  of  ma¬ 
terial  is  made.  It  may  be  possible 


Avoid  holes  or  inserts  that  require 
long  slender  core  pins  which  might 
break  under  molding  pressure.  (8) 
Make  sure  that  the  arc  will  break  in 
the  air  against  a  sharp  corner  of  a 
metal  insert  rather  than  against  the 
plastic.  ( 9)  Design  so  that  the  ac¬ 
curacy  of  the  finished  instrument 
does  not  depend  directly  on  the 
molded  part,  which  may  age  or 
shrink  and  affect  instrument  ac¬ 
curacy.  (10)  Check  design  by  ma¬ 
chining  out  a  model.  This  will  save 
many  hours  in  locating  changes  that 
are  not  apparent  on  the  blueprint. 


TABLE  V.  LAMINATED  PHENOLIC  ELECTRICAL  PROPERTIES 

Based  on  NEMA  Standards 


Dielectric 

Water  Absorptic 

NEMA  Grade 

Power  Factor 

Dielectric  Strength  (VPM) 

24  hrs. —  ‘'o 

of  phenolic 

at  10*  cycles 

constant  at  Short 

Step  by 

(Sample 

laminate 

per  sec. 

10*  cycles/sec.  time 

step 

3'’xrxl  16'J 

X 

700 

500 

4.0 

P 

700 

500 

3.0 

XX 

0.040 

0.062* 

5.0 

4.3*  700 

500 

1.3 

XXP 

0.040 

5.0 

700 

500 

1.3 

XXX 

0.032 

4.8 

650 

450 

10 

XXXP 

0.027 

0.045* 

4.5 

3.8*  650 

450 

1.0 

c 

0.10 

7.0 

200 

120 

3.0 

CE 

0.055 

0.055* 

5.5 

40*  500 

300 

1.5 

L 

0.10 

7.0 

200 

120 

2.0 

LE 

0.045 

5.0 

500 

300 

1.2 

Dielectene  lOOt 

0.0062 

0.0032 

*  3.6 

3.6*  640 

410 

0.08 

*  At  10'  cycles  per  second, 
t  Data  for  samples  Vt-ln.  thick. 


to  use  laminated  phenolic  sheet  or 
tubing,  and  machine  it  to  shape,  thus 
obviating  the  high  expense  of  molds. 
If,  however,  the  part  must  be  molded 
there  are  certain  points  in  design 
that  must  not  be  overlooked:  (1) 
Draft  of  3  deg.  should  be  allowed  to 
permit  easy  withdraw’al  of  part  from 
the  mold.  (2)  Avoid  undercuts  or 
side  holes;  they  increase  mold  cost 
and  production  cost.  (3)  Avoid 
sharp  corners  in  the  part.  They 
cause  concentrated  stresses,  and  they 
are  difficult  to  machine  in  the  mold. 
Fillets  help  flow  of  material.  (4) 
Wall  thicknesses  should  be  uniform, 
to  allow  uniform  curing,  otherwise 
shrinkage  stresses,  gas  pockets  and 
undercuring  may  occur.  (5)  Use 
round  inserts  protruding  from  the 
piece  so  that  the  material  will  not  be 
able  to  flow  into  the  thread.  This  will 
eliminate  rethreading  after  molding. 
(6)  Place  plenty  of  material  around 
inserts,  use  fillets  instead  of  sharp 
corners.  These  precautions  will  pre¬ 
vent  cracking  around  inserts.  (7) 


This  is  particularly  true  w'here  con¬ 
vex  and  concave  surfaces  are  in¬ 
volved,  requiring  an  assembly  of 
irregularly  shaped  pieces. 

DIRECTORY  OF  TRADE 
NAMES  AND  SUPPLIERS 

In  the  following  listings,  only  the 
more  usual  plastics  materials  are  listed 
by  trade  name  and  manufacturers.  No 
attempt  has  been  made  to  include  all 
types  of  plastics  materials,  as  that  is 
beyond  the  scop>e  of  this  article  which 
is  concerned  principally  with  plastics 
for  industrial  uses. 

Molding  Materials,  by  Code. 

Type  oi  Material.  Trade  Name,  and 
Manufacturer 

A  PHENOLIC  MATERIALS 

Bakelite  Bakelite  Corp.,  N.  Y.  C. 
Coltrock  Colt’s  Patent  Fire  Arms 

Mfg.  Co.,  Hartford,  Conn. 
Durez  Durez  Plastics  &  Chemicals, 

Inc.,  N.  Tonawanda,  N.  Y. 
Haveg  Haveg  Corp.,  E.  Newark. 

Del. 

Heresite  Heresite  &  Chemical  Co., 

Manitowoc,  Wis. 
(Continued  on  page  64) 
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HEARING  AID 


The  human  ear  loses  its  hearing  ability  from  a  variety  of  causes  and  it  is  the  problem  of  the 
hearing  aid  designer  to  determine  the  nature  of  the  disability  and  apply  the  proper  correc¬ 
tive  steps.  The  electron  tube  is  ideally  suited  for  this  purpose  because  of  its  amplification 
characteristics  and  a  very  small  unit  can  be  built. 


The  design  of  suitable  hearing 
aids  for  various  types  of  deafness 
requires  a  knowledge  of  the  natures 
of  sound,  hearing  and  deafness  as 
well  as  the  principles  of  electronics. 
It  is  the  purpose  of  this  article  to 
review  briefly  the  several  types  of 
deafness,  how  these  types  may  be  de¬ 
tected  and  measured,  and  to  discuss 
the  design  of  a  typical  hearing  aid 
unit. 

There  are  three  types  of  deafness 
in  humans  which  can  be  counteracted 
by  the  use  of  a  hearing  aid.  They 
are  conductive,  nerve,  and  cortical 
deafness.  A  combination  of  two  or 
three  of  these  basic  types  of  deaf¬ 
ness  is  called  mixed  impairment  and 
is  the  most  common  hearing  disabil¬ 
ity.  Conductive  deafness  is  the  re¬ 
sult  of  an  impairment  of  the  middle 
ear  mechanism.  It  may  result  from 


By  IRA  KAMEN 


hardening  of  the  drum-skin,  fixation 
of  the  ossicles,  or  from  a  catarrhal 
condition.  This  type  is  usually  caused 
by  sickness  such  as  the  common  cold 
or  inflammation  of  the  sinuses,  or 
from  an  accident.  The  symptoms  of 
conductive  deafness  are  a  feeling 
that  the  ears  are  stuffed  with  cotton 
and  quite  commonly  by  the  presence 
of  head  noises. 

Nerve  deafness  is  a  condition  in 
which  the  inner  ear  or  cochlea  is  de¬ 
fective.  Childhood  diseases  are  fre¬ 
quently  the  causes  of  damage  to  the 
inner  ear  and  in  a  large  percentage 
of  the  cases  such  damage  does  not 
become  evident  for  some  years  after 
the  illness  has  passed.  The  nerve 


deafened  ear  cannot  hear  low  levels 
of  sound.  Let  it  be  assumed  that  the 
threshold  of  audibility  is  about  50 
db  below  the  normal  threshold.  As 
sound  pressure  is  increased,  however, 
its  intensity  response  increases  so 
that  with  an  increase  of  10  db,  the 
intensity  response  may  be  only  30  db 
below  normal,  and  with  an  increase 
of  20  db,  it  may  be  only  12  db  below 
the  normal.  An  increase  of  30  db 
may  cause  a  perfectly  normal  in¬ 
tensity  response,  but  with  additional 
increases  in  pressure  the  nerve 
deafened  ear  responds  more  acutely 
than  the  normal,  so  that  increase  by 
another  15  db  may  cause  the  thresh¬ 
old  of  pain  to  be  reached,  whereas 
in  the  normal  ear  it  would  require 
another  55  or  60  db  increase.  The  in¬ 
crease  in  pressure  necessary  to  reach 
the  level  at  which  an  intensity  re¬ 
sponse  equivalent  to  the  normal  is 
achieved,  is  called  the  recruitment 


factor.  The  hearing  of  a  person  with 
nerve  deafness  is  characterized  in 
intensity  by  a  recruitment  factor 
which  may  vary  markedly  with 
change  of  frequency,  and  the  re¬ 
sponse  of  the  nerve  deafened  ear  may 
also  vary  greatly  with  frequency. 

Cortical  deafness  does  not  actually 
involve  the  ear  mechanism,  but  is  a 
condition  which  occurs  in  the  higher 
brain  centers.  The  greatest  number 
of  cases  are  those  of  senile  deafness 
(deterioration  of  brain  cells  because 
of  advanced  age)  and  few  men  fail  to 
develop  this  disability  with  age.  En- 
cephalytis  and  cerebral  strokes,  since 
they  attack  the  brain  centers,  also 
cause  cortical  deafness. 

The  prime  result  is  loss  of  the  so- 
called  “language  factor”  or  the  abil- 


Schemotic  wiring  diagram  of  three-stage,  resistance-coupled  hearing  aid  amplifier 
with  feedback  and  adjustable  frequency  compensation  selected  by  switch  in 

upper  left  corner 


ity  to  interpret  sound.  The  ear  mech¬ 
anism  may  be  in  perfect  condition, 
but  the  brain  fails  to  translate  the 
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DESIGN 


Full  Bii*  illustration  oi  hearing  aid. 
Note  small  sise  oi  tubes,  transform¬ 
ers.  and  other  components 


sound  waves  into  frequency,  ampli-  known  method  of  rehabilitation.  The  the  readings  obtained  were  neglible. 
tude  and  timber.  In  such  cases,  it  reader  is  referred  to  “Electronics  in  Curves  are  taken  with  both  an  air 
has  been  noted  that  slow,  crisp  artic-  Auditory  Research”  by  David  M.  receiver  and  a  bone  conductor  and 
ulate  speech  at  a  normal  level  will  Sleeper  which  apeared  in  the  Sep-  the  audiometer  can  be  used  effec- 
generally,  be  well  understood.  It  is  tember  1941  issue  of  Electronics,  tively  to  detect  nerve  or  conductive 
when  speech  takes  on  its  habitual  losses.  A  specially  compensated  amp¬ 
clothing  of  sloppiness,  speed  and  dis-  Audit*  y  lifier  circuit  is  employed  to  compen- 

tortion  that  the  person  with  cortical  sate  for  the  erratic  behavior  of  the 

deafness  is  completely  helpless.  The  The  development  of  the  vacuum  bone  conductor.  The  output  of  the 
engineer  can  do  little  to  remedy  this  tube  hearing  aid  created  the  need  for  bone  conductor  can  be  varied  from 
difficulty  inasmuch  as  he  can  neither  relatively  accurate  tests  and  meas-  threshold  to  threshold,  but  it  is  cali- 
educate  the  speaker  to  precise  speech  ures  of  deafness.  Such  tests  would  brated  only  between  256  and  4096 
nor  affect  speech  in  such  a  way  that  have  proved  useless  earlier,  for  the  cps  because  readings  at  128  cps  are 
it  is  slowed  down  and  broken  up  into  engineer  w'as  unable  to  compensate  too  distorted  and  readings  at  8192 
distinct  syllables.  He  can  work  only  for  pre-determined  failures  in  hear-  cps  are  inaccurate  due  to  the  rising 
with  the  hearing  aid  and  the  ear  in  ing.  As  a  matter  of  fact  audiometers  impedance  of  the  head  and  mechan- 
order  to  overcome  the  defects  of  the  and  other  test  equipment  have  been  ical  limitations  in  the  bone  conductor 
latter.  The  engineer  recognizes  that  in  active  use  by  doctors  since  the  design.  The  bone  conduction  read- 
he  can  be  of  some  help  by  provid-  middle  twenties,  but  it  was  the  en-  ing  of  the  audiometer  is  not  a  precise 
ing  a  device  which  will  raise  the  level  trance  of  the  vacuum  tube  hearing  one.  It  does  provide  sufficient  infor- 
of  speech  for  the  deafened  and  com-  aid  several  years  ago  which  caused  mation,  however,  so  that  correlated 
pensate  for  any  coincident  defects  of  hearing  aid  manufacturers  and  con-  with  the  air  response  reading,  a 
the  ear,  thereby  allowing  complete  sultants  to  use  them.  fairly  accurate  estimate  of  the  type 

concentration  on  interpretation  of  The  audiometer  is  a  calibrated  os-  of  deafness  and  the  response  curve 
speech.  cillator  designed  to  oscillate  in  mul-  of  the  ear  is  obtainable. 

tiples  of  two  in  the  audio  spectrum. 

CendMctiv*  and  Nerve  Deafness  (128,  256,  512,  1024,  2058,  4096  and  Test  for  Conductive  Deafness 

8192  cps).  The  output  of  a  particu- 

A  type  of  cortical  deafness  called  lar  instrument  varies  in  steps  of  5  A  simple  and  obvious  test  for  nerve 
confusion  deafness  can  result  from  db  from  a  predetermined  threshold  or  conductive  deafness  consists  of 
neglected  conductive  or  nerve  deaf-  of  audibility  to  the  brink  of  the  setting  the  audiometer  at  1024  or 
ness  or  a  combination  of  the  two.  threshold  of  pain.  The  output  of  this  2048  cps  and  adjusting  the  attenu- 
Because  of  a  prolonged  period  of  audiometer  is  fed  into  a  calibrated  ator  for  maximum  output.  Should 
deafness,  loss  of  sound  memory  oc-  receiver  and  both  the  oscillator  cir-  the  case  be  one  of  nerve  deafness,  the 
curs.  Conditions  of  this  nature,  con-  cuit  and  the  receiver  are  designed  threshold  of  pain  is  certain  to  be 
trary  to  those  previously  outlined,  for  maximum  output  at  a  minimum  reached  and  the  receiver  will  un¬ 
can  be  eliminated  after  a  period  of  of  distortion.  The  audiometer  de-  doubtedly  be  thrown  or  pulled 
exercise.  Compensation  for  the  type  termines  hearing  losses  between  128  sharply  away.  The  person  with  con- 
of  deafness  which  originally  caused  and  4096  cps  quite  accurately.  At  ductive  deafness  will  merely  hear  the 
the  cortical  condition  is  first  neces-  8192  cps,  however,  standing  waves  signal  at  a  level  of  100  db,  less  his 
sary  to  permit  restimulation  of  the  are  set  up  and  readings  are  not  easily  own  loss. 

brain  centers  which  have  been  dor-  duplicated.  It  is  not  necessary  to  use  In  recent  years,  manufacturers  have 
mant.  This,  quite  naturally,  requires  the  audiometer  in  a  sound  room  when  developed  a  number  of  measuring  de¬ 
time,  but  in  most  cases  renewed  people  hard  of  hearing  are  being  vices  which  differ  in  one  way  or  an- 
hearing  is  the  result.  In  cases  of  measured.  Tests  have  been  made  on  other  from  the  audiometer.  One  such 
cortical  deafness  resulting  from  sen-  the  same  patients  in  a  quiet  office  device  is  calibrated  like  the  audio- 
ility  or  encephalytis,  there  is  no  and  a  sound  room  and  variations  in  meter,  but  employs  a  loudspeaker  in- 
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stead  of  the  receiver.  Tests  with  this  fier  in  terms  of  the  microphon 
equipment  should  be  conducted  in  a  receiver. 

sound  room  or  in  one  which  employs  The  condition  which  is  pecul 
drapes,  rugs,  etc.  to  reduce  reflec-  the  complete  hearing  aid  is  the 
tions.  A  curve  is  first  made  of  the  lute  need  for  a  limited  frequen 
deafened  ear  and  another  is  made  sponse.  Frequencies  below  50 
while  the  hearing  aid  is  used.  A  com-  above  3,500  cps  contain  a  majo 
parison  can  then  be  made  between  tion  of  the  background  noise 
the  two  curves,  indicating,  approxi-  and  noise  created  by  the  rubb: 
mately,  the  benefit  derived  from  the  the  instrument  against  the  we 
hearing  aid.  clothing.  These  noises  great! 

A  calibrated  microphone  and  the  comfit  and  annoy  the  deafened, 
audio  amplifier  of  the  audiometer  necessary  to  reproduce  frequ 
can  be  used  to  detect  a  case  of  corti-  as  high  as  5,000  cps  to  provii 
cal  deafness.  Such  a  condition  would  harmonics  of  speech  which  i 
invariably  escape  undetected  by  an 
audiometer  test,  since  the  pure  tones 
can  readily  be  heard  by  the  person 
with  a  cortical  condition.  It  is  the 
loss  of  the  language  factor  which 
must  be  perceived  and  by  raising  the 
output  of  the  amplifier  to  compensate 
for  the  hearing  loss  and  by  then  talk- 
ing  into  the  microphone,  the  Ian- 
guage  loss  can  be  determined. 

Th*  VacHHin  Tyb*  Hearing  Aid 

The  engineer  works  with  three  ele- 
ments  the  the  vacuum 

tube  aid.  These 

crophone,  the  amplifier  and  the  re- 

ceiver.  His  objective  is  to  obtain  ^BB||||||||B|^^H||^fl 

flat  response  from  the  combination 
of  the  three  since,  when  this  is  ac- 

complished,  it  simple  matter  to  ^^^B|i^B|H||||||B||HB 
change  the  total  response,  to  com- 
pensate  individual  cases,  by  chang- 
ing  the  characteristics  of  one  of  the 
components.  The  engineer  may  at¬ 
tempt  to  accomplish  this  by  design¬ 
ing  all  three  components  to  have  a 
flat  response,  he  may  design  two  com¬ 
ponents  to  compensate  for  the  de¬ 
fects  of  the  third,  providing  a  total 
flat  response,  or  he  may  design  one 
element  in  terms  of  the  other  two, 
obtaining  as  a  product  of  their  com¬ 
bination,  the  desired  flat  response. 

Since  it  is  essential  to  efficient  and 
consistent  production  that  a  mini¬ 
mum  of  variables  exist,  the  usual 
procedure  is  to  establish  two  ele¬ 
ments  as  stabilized  factors  and  to  de¬ 
sign  the  third  element  to  compensate 
for  them.  The  choice  of  the  element 
which  is  controlled  depends  again 
upon  production  considerations.  That 
element  which  can  be  most  easily  sons  of  vanity  on  the  part  of  the 

controlled  is  generally  the  one  se-  wearer,  the  receiver  must  be  so 

lected.  Different  plants  with  differ-  small  that  it  cannot  readily  be  no- 

ent  conditions  of  production  and  dif-  ticed.  Of  course,  such  a  unit  is  in- 

ferent  personnel  find  it  desirable  to  efficient  at  low  frequencies, 
choose  different  factors.  In  this  ar-  The  hearing  aid  is  designed,  then, 
tide,  we  shall  concern  ourselves  with  to  have  a  flat  response  from  500  to 
the  design  and  control  of  the  ampli-  3,500  cps  and  a  drop  in  response  be- 


Typical  frequency  response  curves  for  two  different  models  of  hearing  aids. 
Molded  earpiece  of  hearing  aid  and  an  artificial  ear  were  used  in  determining 
the  data  from  which  these  curves  were  plotted 
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increases  with  a  rise  in  frequency. 
Were  a  flat  response  fed  into  the  bone 
conductor,  little  if  any  of  these  fre¬ 
quencies  would  be  heard.  It  has  been 
indicated  before  that  a  flat  response 
between  2,500  and  3,500  cps  and  a 
drop  between  3,500  and  5,000  cps  is 
desired.  This  latter  characteristic 
is  a  compromise  between  eliminating 
hiss  and  introducing  the  harmonics 
of  speech.  The  input  to  the  bone  con¬ 
ductor  must,  therefore,  have  a  con¬ 
siderable  rise  between  2,500  and 
5,000  cps  to  produce  a  curve  which  is 
practically  flat  between  500  and  3,500 
cps  and  which  has  just  the  right  drop 
between  3,500  and  5,000  cps. 

The  frequency  response  of  the 
midget  magnetic  receiver  can  be 
controlled  in  design  by  mechanical 
adjustments  such  as  varying  the  size 
of  the  acoustic  cavity,  floating  the 
diaphragm,  changing  its  thickness 
or  loading  it.  The  limitations  in  de¬ 
sign  are  only  those  of  production.  It 
is  essential  that  each  receiver  manu¬ 
factured  have  the  same  response; 
therefore,  critical  factors  in  produc¬ 
tion  must  be  minimized.  The  vari¬ 
ous  magnetic  receivers  manufactured 
have  different  characteristics  be¬ 
cause  of  the  varying  controls  exer¬ 
cised  by  design  engineers  and  the 
amplifiers  of  each  manufacturer  are 
again  designed  to  modify  the  eccen¬ 
tric  response  of  the  receiver  to  ob¬ 
tain  the  desired  flat  response. 

The  crystal  receiver,  in  general 
use  today,  has  a  relatively  flat  char¬ 
acteristic  but  in  certain  uses  may 
have  a  sharp  drop  at  the  low  fre¬ 
quencies  (around  500  cps).  Little 
change  is  made  by  most  hearing 
aid  manufacturers  in  the  crystal  re¬ 
ceiver  when  designing  for  produc¬ 
tion.  The  crystal  microphone  is  the 
only  small  microphone  with  an  es¬ 
sentially  flat  response  and  sufficient 
output  to  satisfy  the  requirements  of 
the  modem  vacuum  tube  hearing  aid 
and  is,  therefore,  used  by  all  manu¬ 
facturers. 

Description  of  a  Typical  Hearing  Aid 

The  vacuum  tube  hearing  aid  amp¬ 
lifier  describe^  here  incorporates  the 
most  recent  and  important  design 
features.  It  is  a  three-tube  high  gain 
amplifier  to  allow”  for  inverse  feed¬ 
back  and  losser  methods  of  time  cor¬ 
rection.  Self  bias  is  achieved  with¬ 
out  use  of  a  coupling  condenser 
across  i?,.  The  condenser  would  have 
to  be  in  the  order  of  microfarads  to 
by-pass  the  resistor  and  prevent  de¬ 


generation  at  the  low  frequencies. 
Such  a  condenser  would  be  too  large 
for  the  limited  space  available  in  the 
case.  As  the  battery  voltage  drops 
from  45  volts,  the  voltage  drop  across 
Ri  decreases,  decreasing  the  bias  on 
the  grid  of  the  output  tube  and  regu¬ 
lating  the  total  current  flow.  Conse¬ 
quently  longer  battery  life  is  pos¬ 
sible.  Constant  current  inverse  feed¬ 
back  is  a  by-product  of  this  type  of 
self  bias.  It  reduces  harmonic  dis¬ 
tortion  but  makes  necessary  a  higher 
gain  circuit.  This  type  of  inverse 
feedback  also  causes  the  plate  im¬ 
pedance  to  rise,  producing  frequency 
distortion  because  the  secondary  load 
also  varies  in  its  impedance. 

Compensation  for  the  disadvan¬ 
tages  of  constant  current  inverse 
feedback  is  obtained  with  constant 
voltage  inverse  feedback  (i?*)  which 
permits  use  of  a  volume  control  to 
vary  the  secondary  load  of  the  out¬ 
put  transformer.  The  inverse  feed- 
backback  netw’ork  is  absolutely  es¬ 
sential  in  cases  of  senile  deafness 
since  even  the  slightest  distortion 
w’ould  cause  a  considerable  decrease 
in  hearing. 

Hearing  Aid  Features  Automatic  Volume 
Control 

The  automatic  volume  limitation 
(RJ  control  is  manually  operated  by 
the  wearer  of  the  hearing  aid.  Once 
set  at  a  maximum  level,  it  does  not 
permit  sounds  louder  than  that  level 
to  be  transmitted  to  the  ear,  regard¬ 
less  of  the  level  of  input  to  the  amp¬ 
lifier.  By  eliminating  the  possibility 
of  reaching  the  threshold  of  pain, 
this  control  proves  of  tremendous  ad¬ 
vantage  to  the  nerve  deafened  user 
of  the  hearing  aid.  The  resistor  i?, 
loads  the  circuit,  preventing  changes 
in  frequency  response  due  to  the 
operation  of  the  volume  control. 

Filter  networks  RtC,  and  RsC,  pre¬ 
vent  circuit  oscillation  due  to  drop¬ 
ping  battery  voltage  and  the  result¬ 
ant  development  of  internal  resis¬ 
tance  in  the  battery.  They  accom¬ 
plish  this  by  preventing  the  internal 
resistance  from  acting  as  a  coupling 
medium  betw’een  stages. 

Position  1  of  the  tone  corrector 
connects  a  condenser  across  the  first 
stage,  attenuating  the  high  frequen¬ 
cies.  This  makes  the  magnetic  re¬ 
ceiver  low  in  pitch  and  the  bone  con¬ 
ductor  extremely  low  pitched. 

Position  2  flattens  the  peaks  in 
the  magnetic  receiver  and  raises. 


slightly,  the  low  pitch  of  the  bone 
conductor  by  adding  R»  in  series  with. 

C., 

Position  3  connects  Rj  in  parallel 
with  the  resistor  loading  the  crystal 
microphone  to  decrease  the  load  and 
attenuate  the  low  frequencies.  This^ 
flattens  the  response  of  the  bone  con¬ 
ductor  and  causes  the  magnetic  re¬ 
ceiver  to  be  high  pitched. 

Position  4  introduces  R,  into  the 
circuit.  This  resistor  is  of  lower  value 
than  Rj  and  accentuates  the  results 
achieved  in  position  3.  Therefore,  it 
results  in  a  high  pitched  bone  con¬ 
ductor  and  an  even  more  highly 
pitched  magnetic  receiver. 

The  development  of  the  modern 
vacuum  tube  hearing  aid  has  been 
made  possible  by  the  development  of 
extremely  small,  efficient,  tubes^ 
chokes,  and  transformers.  In  the 
three  tube  amplifier,  two  tubes  are 
used  for  voltage  amplification.  They 
require  S  volt  on  the  filament  and  the 
two  filaments  are  placed  in  series 
across  a  li  volt  battery.  All  hearing 
aid  tubes  are  of  the  filament  type  be¬ 
cause  the  current  and  heating  must 
both  be  extremely  low.  The  drain  of 
the  i  volt  tube  is  approximately  30* 
ma.  at  1.25  volts  (across  the  tubes 
in  series).  The  drain  of  the  output 
tube  is  also  30  ma,  but  it  is  a  1.25 
volt  tube.  The  average  dimensions  of 
the  hearing  aid  tube  are  1  inch  in 
length  and  i  inch  in  diameter.  The 
tubes  have  an  expected  life  of  twa 
thousand  hours  and  they  are  very 
stable  in  operation.  Although  fila¬ 
ment  type  tubes  are  inherently  mi- 
crophonic,  the  manufacturers  have 
developed  dampers  which  load  the 
filaments  and  prevent  vibration. 

Special  core  material  is  employed 
in  hearing  aid  transformers  and 
chokes  to  obtain  high  impedance 
within  small  magnetic  circuits.  The 
chokes  and  transformers  are  ap¬ 
proximately  I  X  §  X  i  inches  in  size 
and  most  hearing  aid  concerns  have 
found  it  necessary  to  manufacture 
these  parts  themselves.  Hearing  aid 
batteries  are  normally  supplied  in  an 
external  pack.  The  B  battery  is  gen¬ 
erally  rated,  under  normal  tempera¬ 
tures,  with  a  life  expectancy  of  350 
hours,  when  draining  1  ma  for  four 
hours  a  day  at  a  drop  from  1.5  volts 
to  1  volt  per  cell.  The  A  battery  un¬ 
der  a  drain  of  60  ma  for  four  hours 
a  day,  at  normal  temperatures  has  a 
rated  life  expectancy  of  85  hours 
during  the  time  it  drops  from  l.S 
volts  to  1  volt. 
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A  Flexible  Equalizing  Amplifier 


Frequency  response  can  be  varied  over  a  wide  range  .  .  .  Adjustable  networks  in  feedback 
loop  .  .  .  Response  curve  may  be  peaked  at  one  or  more  points  .  .  .  Used  for  equalizing  loud¬ 
speakers,  recording  heads,  playback  equipment,  or  telephone  lines  ...  In  broadcast  service 
it  may  be  used  to  obtain  improved  frequency  response  with  existing  equipment 


Communications  Engineering  Service 
Xetc  York  City 


The  principle  of  equalization  is 
very  old  in  the  communications 
art.  Equalizers  of  sorts  were  devel¬ 
oped  and  put  into  use  not  long  after 
the  telephone  itself.  Nevertheless  to¬ 
day’s  engineer  is  still  confronted 
with  about  the  same  situation  as 
that  which  existed  twenty  years  ago. 
If  he  must  have  an  equalizer,  he 
must  also  have  available  a  means  of 
amplifying  the  equalized  signal. 

The  equalizer-amplifier  which  is 
the  subject  of  this  article  has  been 
found  to  be  completely  satisfactory 
in  operation  over  an  appreciable 
period  of  time,  and  to  possess  those 
characteristics  which  the  author  has 
found  to  be  most  desirable  for  broad¬ 
casting,  recording,  or  related  audio 
services.  It  is  believed  that  the  equal¬ 
izer  contains  improvements  which 
have  not  been  considered  in  other 
oqualizers  which  have  been  described. 

The  equipment  here  described  is 
suggested  as  a  compact  flexible  unit 
which  performs  the  duties  of  both 
amplifier  and  equalizer,  and  requires 
no  more  space  than  an  amplifier 
alone.  It  is  contained,  complete  with 
power  supply,  on  an  8|-inch  stand¬ 
ard  rack  panel.  The  construction  of 
this  electronic  equalizer  requires  no 
special  technique.  Cost  of  parts  ex- 
-ceeds  that  of  the  equivalent  straight 
amplifier  by  perhaps  twenty  percent. 


uses.  It  performs  outstandingly  as 
a  sound  effects  equalizer,  recorder 
cutting  head  driver,  playback  equal¬ 
izer,  or  loudspeaker  equalizer  driver. 
It  may  be  used  to  lift  or  lower  the 
high  end  of  the  frequency  spectrum 
in  calibrated  steps  at  a  known  fre¬ 
quency.  Any  specified  low  frequency 
may  be  lifted  in  the  same  manner. 
The  input  impedance  is  constant  in 
both  magnitude  and  phase  angle  and 
its  output  impedance  is  very  nearly 
so.  It  has  a  gain  of  65  vu,  a  maxi¬ 
mum  output  level  of  12  watts  and  its 
input  may  be  operated  at  a  level  of 
—40  vu  while  still  maintaining  a 
noise  level  65  vu  below  the  output. 
One  of  the  most  interesting  applica¬ 
tions  for  this  unit  is  the  equaliza¬ 
tion  or  pre-equalization  of  telephone 
cable  circuits.  In  broadcast  work  it 
is  often  possible  to  purchase  a  lower 
grade  service  than  the  regular  broad¬ 
cast  quality  line,  and  equalize  this 
service  to  the  equivalent  of  a  quality 
line.  To  do  this  requires  a  rather 
sharp  peak  in  the  frequency  char¬ 
acteristic  of  the  equalizing  equip¬ 
ment. 


remains  constant  as  the  frequency 
response  is  adjusted. 

3.  Switching  arrangements  which 
permit  adjustments  while  in  use. 

4.  Provision  for  adjustment  of  the 
frequency  characteristic  at  both  ends 
of  the  spectrum  and  in  several  differ¬ 
ent  types  of  curves. 

5.  Constant  and  resistive  input 
and  output  impedances. 

In  undertaking  the  design  of  an 
equalizing  amplifier  which  fits  these 
requirements  it  must  be  decided  at 
what  power  level  the  output  is  to  be 
operated,  at  what  power  level  the 
input  is  to  be  operated,  and  whether 
the  amplifier  is  to  be  single-ended 
or  push-pull.  This  latter  question  is 
mainly  one  of  economics.  In  some 
ways,  a  single-ended  equalizing  am¬ 
plifier  (with  phase  inversion  in  the 
output  stage)  is  more  easily  de¬ 
signed  for  certain  types  of  curves. 
However,  for  really  low  noise  level 
and  distortion,  the  balanced  design 
is  recommended. 

The  unit  described  here  is  a  push- 
pull,  high  level  amplifier.  As  a  re¬ 
sult,  it  may  be  put  to  a  diversity  of 


Design  Considcrafions 

For  maximum  operating  flexibility 
the  ideal  all-purpose  equalizer  should 
include  the  following  simple  char¬ 
acteristics  : 

1.  An  overall  net  frequency  gain 
rather  than  loss. 

2.  A  mid-frequency  gain  which 
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FIG.  1  — Front  Tiew  of  the  equalizing  amplifier  which  may  be  used  wherever  it  is 
desired  to  change  the  characteristics  of  on  audio  signal,  such  as  for  sound  effects, 
driving  a  recording  cutting  head,  or  a  loudspeaker 


The  significant  portion  of  the 
equalizing  amplifier  is  the  last  two 
stages  as  shown  in  Fig.  2.  The  first 
stage  is  only  for  the  purpose  of  pro¬ 
viding  an  extra  30  vu  or  so  of  gain. 
The  last  two  stages  in  the  normal 
flat  or  “no  equalization”  position 
comprise  a  simple  and  rather  con¬ 
ventional  feedback  amplifier.  The 
voltage  amplification  of  the  A,  or 
amplifying,  circuit  is  approximately 
2o0  in  the  mid-frequency  range.  A 
simple  calculation  shows  that  the 


numeric  value  of  3,  the  feedback  cir¬ 
cuit  gain  at  a  mid-frequency  point, 
is  0.091.  The  product,  which  is 
the  significant  quantity  to  be  con¬ 
sidered  when  dealing  with  feedback 
amplifiers  is,  therefore,  about  23  in 
the  mid-frequency  range. 

The  principle  of  equalization  em¬ 
ployed  in  this  amplifier  is  funda¬ 
mentally  as  follows.  The  A3  product 
which  determines  the  overall  gain 
of  a  feedback  amplifier  is  varied 
with  respect  to  frequency  in  a  pre¬ 


determined  manner.  This  is  accom¬ 
plished  by  means  of  inserting  in  the 
feedback  loop  frequency  discrimi¬ 
nating  networks  which  have  the  ef¬ 
fect  of  changing  both  the  magnitude 
and  the  phase  of  the  feedback.  In  an 
amplifier  with  heavy  feedback  the 

gain  is  4,  that  is,  primarily  depend- 

p 

ent  upon  the  complex  quantity  3. 
If  3  varies  with  frequency,  the  gain 
of  the  amplifier  as  a  whole  will  vary 
with  frequency  in  the  opposite  man¬ 
ner.  Therefore,  if  it  is  desired  to 
change  the  high  frequency  response 
of  the  amplifier  in  a  general  sort  of 
way,  it  is  necessary  only  to  adjust 
the  transmission  loss  characteristic 
of  the  3  circuit  in  an  inverse  man¬ 
ner.  The  same  is  true  of  the  low 
frequency  end  of  the  spectrum. 

The  general  procedure  as  outlined 
above  is  not  applicable  to  an  accu¬ 
rate  analysis  of  the  behavior  of  the 
equalizing  amplifier  at  the  extreme 
ends  of  the  spectrum.  This  is  due 
to  the  fact  that  the  gain  of  a  feed¬ 
back  amplifier  is  not  accurately  rep¬ 
resented  by  --  when  the  A3  product 

P 

is  relatively  small.  A3  becomes  rela¬ 
tively  small  at  frequencies  where  the 
rise  in  gain  is  pronounced,  and  we 


FIG.  2  — Circuit  diagram  ol  ihe  equalizing  amplifier  together  with 
•everal  networks  used  for  altering  the  characteristics  of  the  signal. 


The  networks  ore  connected  to  the  amplifier  in  the  feedback  loop 
or  across  the  cathodes  ol  the  second  stage 
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1^00  ohms  tJSOO  ohms 

Non-rcsonant  equalizer  (D) 


Flfi.  3  — Block  diagram  of  the  amplifier 
and  the  feedback  loop.  The  frequency 
characteristic  of  the  output  is  approxi¬ 
mately  the  inverse  of  the  feedback  loop 


FIG.  4  — The  interstage  coupling  network 
and  its  equivalent  circuit 


must,  therefore,  substitute  the  fun¬ 
damental  equation: 


where  a  is  the  gain  of  the  amplifier 
without  feedback  at  any  frequency 
and  b  represents  the  transmission 
loss  of  the  feedback  network  at  any 
frequency.  This  relation  applies  at 
all  times  regardless  of  w'hether  the 
ab  product  is  large  or  small.  To  sub¬ 
stitute  for  the  values  a  and  b  in  this 
expression  it  is  necessary  to  analyze 
the  transmission  loss  relations  of 
both  the  amplifier  without  feedback 
and  the  feedback  network  by  itself. 
In  analyzing  the  former  we  shall 
take  into  consideration  the  charac¬ 
teristic  of  the  last  two  stages  of 
Fig.  2  only.  Any  variation  in  high 


frequency  response  from  the  mid- 
frequency  value  will  be  occasioned 
by  the  interstage  coupling  network. 
This  coupling  network  may  be  sym¬ 
bolically  shown  as  in  Fig.  4A.  By 
means  of  Thevenin’s  theorem  this 
may  be  redrawn  in  the  form  of  Fig. 
4B.  By  the  application  of  simple 
resistance  coupled  amplifier  theory 
the  high  frequency  gain  of  this  net¬ 
work  may  be  shown  to  be 

a  =  =  A  sm  (2) 

where  a  is  the  gain  at  a  high  frequency, 


FIG.  5  — Circuit  and  its  equivalent  used  to 
compute  the  high  frequency  gain  of  the 
feedback  circuit 


A  is  the  gain  at  a  mid-frequency, 

Za  is  Th^venin's  impadence  formed  by 
Xa  and  the  combination  of  Rp, 
Rl,  and  R,  all  in  parallel. 

In  the  same  manner  it  is  possible  to 
compute  the  high  frequency  trans¬ 
mission  loss  characteristic  of  the  3 
circuit.  This  may  be  redrawn  as 
shown  in  Fig.  5A,  and  again  con¬ 
verted  by  means  of  Thevenin’s 
theorem  to  the  configuration  of  Fig. 
5B.  The  high  frequency  gain  of  the 
feedback  circuit  will  be 


b  = 


0X^  Ze 
Z  ^Ze  +  Rg 


Z  E 

Ze  Rg 


sin  (3) 


where  b  is  the  feedback  at  any  frequency, 
d  is  the  feedback  at  a  mid-frequency, 
is  an  equivalent  impedance  formed 
by  the  parallel  combination  of 
Z  L  and  the  two  resistances  Re  and 


Rff  in  series. 

Zfi  is  Thdvenin’s  equivalent  impedance 
formed  by  Xg  and  the  impedance 
looking  to  the  left  of  (1)  in  Fig. 
5A  with  the  generator  Ported. 

Therefore  the  overall  gain  of  the 
feedback  amplifier  at  any  high  fre¬ 
quency  referred  to  a  mid-frequency 
will  be  found  by  substituting  in  the 
relation 


a 


1  -  ah 

relative  gam  = - — 


-=  1  -  d/3 


(4) 


or, 

relative  gain  = 

(1  -f  d/3)  sin 

zr~  ^5) 

1  -i-  d/3  sm  it>A  sm  ^ 


Now  with  small  error  if  A3  is 
large,  and  since  ZalZgA-Ro  is  prac¬ 
tically  constant, 

,  .  .  K  sin  4>a  (a\ 

rdfitivc  c&iD  \  I  v^/  •  .  •  .  ' 

I  K  tt>A  sm  <t>0 

where  K  and  K'  are  constants.  The 
principal  reason  for  developing  this 
relation  is  to  show  that  the  fre¬ 
quency  characteristic  of  an  equal¬ 
ized  feedback  amplifier  depends  upon 
both  the  amplitude  and  the  phase 
characteristic  of  not  only  the  3  cir¬ 
cuit,  but  also  the  A  circuit.  Observe 
that  the  only  variables  in  Eq.  (6) 
are  and  the  phase  angles  of 
equivalent  impedances  derived  from 
constants  of  the  A  and  3  circuits 
respectively. 

In  referring  to  Fig.  6  it  will  be 
seen  that  a  rise  in  gain  of  some  30 
vu  is  obtained  at  about  10  kc  on  one 
of  the  curves.  This  brings  up  the 
question  of  the  possibility  of  self¬ 
oscillation.  Peterson,  Kreer  and 
Ware  (Regeneration,  Theory  and 
Experiment,  Proc.  I.R.E.,  October 
1934)  have  established  that  the  cri¬ 
terion  for  oscillation  in  a  feedback 
amplifier  is  that  when  the  complex 
quantity  A3  is  vectorially  plotted  as 
a  function  of  frequency  on  rectan¬ 
gular  coordinates  with  the  real  part 
along  the  abscissa  and  the  imaginary 
part  along  the  ordinate,  the  result¬ 
ing  curve  encloses  the  point  1,0. 
Thus  we  see  that  it  is  possible  to 
have  a  certain  degree  of  positive 
feedback  or  regeneration  without 
encountering  self-oscillation.  Precau¬ 
tions  to  avoid  enclosing  the  point 
1,0  must  be  taken  in  both  the  A  and 
the  3  circuits.  By  referring  to  Fig. 
2  it  will  be  seen  that  the  A  circuit 
includes  only  one  reactive  element, 
namely,  capacitance.  Thus  no  reso¬ 
nances  may  occur  involving  a  rapid 
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phase  shift.  At  the  same  time,  the 
frequency  response  of  the  A,  or  am¬ 
plifying  circuit,  is  purposely  wrecked 
at  the  high  end  by  inserting  an  RC 
network  in  the  6L6  grid  circuit.  This 
network  has  the  additional  function 
of  stabilizing  the  tube,  which,  with 
its  very  high  transconductance,  will 
often  oscillate  parasitically.  The  re¬ 
sulting  frequency  characteristic  of 
the  amplifier  minus  feedback  is 
shown  in  Fig.  7. 

Feedback  Networks 

The  feedback  or  0  circuit  PMX 
and  QNY  (Fig.  2)  is  designed  in 
such  a  way  that  a  number  of  differ¬ 
ent  types  of  frequency  discrimi¬ 
nating  networks  may  be  simultane¬ 
ously  applied.  These  are  shown  indi¬ 
vidually  in  the  lower  portion  of  Fig. 
2.  They  are  to  be  connected  as  indi¬ 
cated  by  the  lettered  terminals  and 
may  be  used  separately  or  simultane¬ 
ously  to  produce  composite  curves. 
Network  B  as  shown  in  the  lower 
part  of  Fig.  2  consists  of  a  series  of 
condensers  which  may  be  connected 
across  the  7F7  cathodes  to  shunt  the 
high  frequencies.  This  changes  the 
high  frequency  magnitude  and  phase 
of  6,  thus  increasing  the  overall  am¬ 
plification  (Fig.  6).  By  the  same 
token,  network  C  is  a  series  of  con¬ 
densers  which  can  be  connected  be¬ 
tween  the  points  P — M  and  Q — N. 
This  changes  the  magnitude  and 
phase  of  h  at  low  frequencies,  hence 
increasing  the  overall  amplification 
as  shown  in  Fig.  8.  Network  D  is 
of  the  same  general  character  as 
network  B.  It  is  a  pair  of  condensers 
bridged  from  M  to  X  and  N  to  Y 
which  reduces  the  high  frequency 


response  in  the  same  manner  as  that 
in  which  the  section  B  increases  it. 
Curves  for  determining  the  proper 
values  of  condensers  for  networks 
B  and  C  are  shown  in  Figs.  9  and  10 
respectively.  The  curves  of  Fig.  9 
apply  roughly  to  network  D  also,  if 
C,  is  multiplied  by  a  factor  of  1/5. 
It  will  be  noted  that  networks  B  and 
C  are  calibrated  in  vu  at  their  re¬ 
spective  frequencies  of  5,000  cps  and 
50  cps.  The  first  position,  labeled  0, 
is  the  flat,  or  unequalized,  position. 
In  network  B,  C,  is  inserted  in  this 
position  and  has  a  value  necessary 
to  give  flat  high  frequency  response. 
If  none  is  necessary  the  position  may 
be  left  open.  In  network  C  the  first 
position  should  be  filled  with  what¬ 
ever  condenser  is  required  to  pro¬ 
duce  a  flat  low’  frequency  response. 
Usually  this  position  may  be  shorted 
(infinite  capacitance).  No  great 
amount  of  ingenuity  is  required  to 
combine  networks  C  and  D  into  a 
single  sw’itch  with  a  center  zero 
position  if  a  coarse  adjustment  of 
this  type  of  equalization  is  permis¬ 
sible. 

With  a  simultaneous  application 
of  networks  B  and  C,  a  frequency 
characteristic  which  is  a  composite 
of  Figs.  6  and  8  may  be  obtained. 
The  low  frequency  equalization  may 
be  adjusted  w’ithout  materially  af¬ 
fecting  the  high  frequency  response, 
and  vice  versa.  These  curve  families 
are  useful  for  equalizing  loudspeak¬ 
ers,  recorder  cutting  head  drivers, 
playback  equipment  or  turntables, 
and,  to  a  certain  extent,  open-w’ire 
telephone  lines.  Since  the  mid-fre¬ 
quency  gain  remains  essentially  con¬ 
stant  as  the  equalizer  sw’itches  are 
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FIG.  6 — Curves  showinq  the  increase  of 
gain  at  the  high  frequencies  obtained  by 
the  use  oi  network  B  of  Fig.  2 

rotated,  adjustments  may  be  made 
while  the  amplifier  is  in  use.  One 
important  detail  in  connection  with 
section  C  is  the  use  of  the  shorting 
type  selector  switch.  Were  a  non¬ 
shorting  type  switch  used,  the  feed¬ 
back  would  be  removed  between  steps 
as  the  switch  was  rotated,  causing 
abrupt  fluctuation  of  gain. 

To  provide  constant  and  resistive 
input  and  output  impedances  for  the 
ideal  equalizer,  isolation  pads  must 
be  inserted  at  both  input  and  output 
terminals.  The  T-pad  volume  con¬ 
trol  shown  at  the  input  (Fig.  2) 
should  serve  this  purpose.  If  con¬ 
stant  output  impedance  is  required, 
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FIG.  7  -Frequency  response  oi  the  amplifier  without  the  feed¬ 
back  loop.  It  is  purposely  made  very  poor  by  the  RC  network 
in  the  6L6  grid  circuit 


FIG.  8  — Curves  showing  the  increase  oi  gain  at  the  low  fre¬ 
quencies  obtained  by  connecting  network  C  oi  Fig.  2  in  the  feed¬ 
back  loops 
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rib.  b  — The  proper  values  oi  condensers 
to  be  used  in  network  B  ior  increasing 
the  high  frequency  response 


Peaked  Characteristics 

If  it  is  desired  to  produce  a  peak 
in  the  high  frequency  response  such 
as  might  be  required  for  the  equali¬ 
zation  of  loaded  cable  circuits  the 
7F7  cathodes  may  be  shunted  by  one 
or  more  resonant  circuits  of  adjust¬ 
able  Q.  An  example  of  this  .sort  of 
equalizer  will  be  found  in  Fig.  2  in 
section  A.  It  consists  of  L,  C  and  R 
in  series  between  the  two  cathodes. 


rib.  ID  — The  proper  values  of  condensers 
to  be  used  in  network  C  for  increasing  the 
low  frequency  response 


rib.  11 — The  frequency  characteristic 
may  be  peaked  by  the  use  of  network  A 


2Rc-4.000-ft. 

Cj-aoiMf 


rih.  IZ — Frequency  response  curve  pro¬ 
duced  by  a  combination  oi  a  type  A  net¬ 
work  and  a  type  B  network 


L  “  250mh 
C,  -  0.004>ttf 


C,»0.004Mf 

2R4=4,OOOn 


L  =  250  mh 


rib.  Id  — Rough  analysis  oi  the  curves 
oi  Fig.  12.  Below  resonance  network  A  is 
dominant  and  above  resonance  network  B 
is  dominant 
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The  resistance  may  be  varied  by  values  of  Cj.  In  a  rou^h  sort  of  way  tained.  By  usinp  two  type  A  net- 
means  of  a  tap  switch  arrangement,  one  mijrht  say  that  on  the  low  fre-  works,  one  set  to  resonate  at  2,000 
producing  the  effect  of  varying  the  quency  side  of  resonance  network  B  cps  with  very  low  Q,  the  other 
Q.  Other  switches  and  trimmers  may  holds  control  of  the  frequency  re-  spotted  at  5,200  cps  with  higher  Q, 
be  used  to  adjust  the  frequency  of  sponse,  and  in  passing  through  res-  together  with  a  mild  application  of 
resonance.  If  the  series  resistance  cnance  network  A  dominates.  After  network  D,  this  composite  is  ob- 
is  zero  and  if  the  d-c  resistance  resonance  has  occurred  the  output  tained.  The  height  of  either  peak 
of  L  is  negligible  in  comparison  with  drops  below  that  which  would  be  pro-  may  be  adjusted  by  changing  the  Q 
the  two  7F7  cathode  resistors,  the  duced  by  network  B  alone  and  then  of  the  appropriate  resonant  circuit, 
rise  in  gain  at  the  resonant  fre-  rises  approaching  the  network  B  The  trough  depth  at  4,000  cps  may 
quency  will  be  numerically  equal  to  curve  as  an  asymptote.  be  adjusted  by  .setting  network  D. 

the  product  A3.  At  that  frequency  In  Fig.  14  are  shown  the  charac-  The  broadness  of  resonance  of  the 
the  amplifier  will  act  as  though  all  teristic  curve  of  network  D  and  the  2,000  cps  type  A  network  is  occa- 
feedback  had  been  removed.  The  same  curve  with  section  A  added,  sioned  by  the  6,000-ohm  series  re¬ 
sharpness  of  the  resonant  peak  so  One  marked  difference  between  this  sistance.  This  resistance  is  nece.s- 
produced  is  necessarily  limited  by  type  of  curve  and  those  of  Fig.  6  is  sary  with  section  A  wired  as  shown 
the  overall  Q  of  this  network,  includ-  its  performance  after  resonance.  The  to  limit  the  peak  to  2h  vu.  However, 
ing  the  7F7  cathode  resistors.  In  same  overshooting  of  the  resonant  a  sharper  2,000-cps  2\  vu  peak  may 
practice  a  rise  in  gain  at  the  re.so-  curve  will  be  observed  and  at  higher  be  easily  produced  by  lowering  the 
nant  frequency  of  the  order  of  30  vu  frequencies  it  will  again  tend  to  re-  value  of  this  6,000-ohm  resistor  and 
is  possible  with  this  amplifier.  In  turn  to  the  network  D  curve  as  an  tapping  both  ends  of  the  2,000-cps 
Fig.  11  a  rise  in  gain  of  18  vu  was  asymptote.  In  the  practical  case,  type  A  network,  down  on  the  7F7 
obtained  when  /?,  was  made  zero  however,  even  these  curves  are  not  cathode  resistors. 

This  means  that  the  residual  resist-  sufficiently  complex  to  correctly  As  a  matter  of  passing  interest  the 
ance  of  the  inductance  was  fairly  equalize  within  tolerable  limits  low  equation  for  the  resonant  equalizer 
high.  The  resulting  curve  is  some-  grade  wire  .service.  When  it  is  de-  corresponding  to  Eq.  (6)  for  the 
what  similar  to  the  type  of  resonant  sired  to  lease  a  low  grade  service,  type  B  equalizer  is 
curve  which  might  be  obtained  in  a  and  make  it  perform  as  a  high  qual-  ' 

conventional  resonant  circuit  with  a  ity  line,  one  must  be  prepared  for  relative  gam  -  ^  t7) 

Q  of  about  14.  almost  anything.  1  +  A'  sin  4>a  ^ 

In  Fig.  12  will  be  found  the  result  Two  or  more  type  A  networks  may  where  Z»  is  the  impedance  of  the 
of  combining  sections  A  and  B.  This  be  required  in  equalizing  either  the  resonant  circuit  replacing  the  ca- 

family  of  curves  is  obtained  by  vary-  sending  or  receiving  points  or  both,  pacitance  Xh  in  Fig.  5,  and  Zr  is  an 

ing  the  capacitance  used  in  network  The  number  of  different  types  of  equivalent  impedance  formed  by  Zn 
B.  An  illustration  of  how  this  takes  curves  that  can  be  obtained  by  such  and  the  other  impedance  of  Fig.  5B. 
place  is  shown  in  Fig.  13.  Here  the  a  procedure  is  so  large  that  any  at-  The  mathematics  as  outlined  here- 
curves  for  the  resonant  network  A  tempt  to  comprehensively  illustrate  in  is  not  intended  for  use  as  accur- 
and  non-resonant  network  B,  to-  them  would  be  futile  in  this  space,  ate  design  information,  but  merely 
gether  with  the  composite  curve,  are  In  Fig.  15  will  be  seen  a  representa-  as  an  indication  of  the  procedure  if 
.superimposed  for  several  different  five  example  of  what  may  be  ob-  (Covtinned  on  page  91) 
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FIG.  14  — Frequency  respoiise  curve  with  network  D  alone  and 
with  network  A  added.  Alter  resonance  the  A-D  curve  overshoots 
the  D  curve  and  then  returns  to  it  asymptotically 


FIG.  15  — Two  or  more  networks  may  be  used  to  obtain  the 
desired  results.  Here  two  type  A  networks  are  inserted  in  the 
amplifier  to  produce  a  double  peaked  response  curve 
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The  CONTROLLED 

Transition  Oscillator 


Increased  flexibility  of  operation  of  the  transitron  oscillator  using  only  RC  circuit  elements 
is  provided  by  the  use  of  a  variable  resistor.  Adjustments  of  frequency  and  condition  of 
oscillation  are  made  independent.  The  improved  circuit,  suitable  for  audio  frequency  use, 
maybe  used  as  a  frequency  selective  amplifier  as  well  as  an  oscillator 


The  transitron’  oscillator  has 
been  used  with  success  to  pro¬ 
duce  stable  sine  wave  oscillations  at 
both  high  and  low  audiq.  frequencies 
in  a  simple  circuit.  Since  only  resis¬ 
tance  and  condenser  elements*  are 
used,  the  oscillator  is  linear  to  a  high 
degree,  capable  of  producing  sine 
waves  with  a  remarkably  low  har¬ 
monic  content  at  the  low  audio  fre¬ 
quencies,  and  insensitive  to  magnetic 
coupling.  Briefly,  the  transitron 
oscillator  uses  a  tetrode  with  the 
inner  grid  used  as  an  anode,  the 
•outer  grid  used  as  a  control  grid 
with  negative  transconductance  to 
the  anode  grid,  and  the  plate  used 
AS  a  collector  anode.  A  pentode  may 
be  used  with  the  inner  control  grid 
held  at  a  fixed  voltage  close  to  cath¬ 
ode  potential  or  actually  tied  to  the 
•cathode.  This  latter  arrangement 
has  been  used  in  circuits  which  do 
not  employ  extreme  values  of  R  or  C. 

It  is  the  purpose  of  this  paper  to 
discuss  the  circuit  due  to  Delaup,’ 
modified  by  the  substitution  of  a  vol¬ 
ume  control  with  shunting  rheostat 
for  the  single  resistor  which  he  usetl 
in  coupling  to  the  outer  control  grid, 
and  to  develop  basic  design  principles 
so  that  the  various  elements  may  be 
properly  proportioned  to  obtain  most 
satisfactory  results  from  the  work¬ 
ing  circuit  which  is  shown  in  Fig.  1. 

To  analyze  the  operation  of  the 
•circuit  of  Fig.  1,  let 

^1  *  RtRt/iR%  -f-  Rt)  represent  the  total 
equivalent  resistance  of  volume  con¬ 
trol  element,  shunted  by  that  part  of 
rheostat  in  circuit. 
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ft  =  /i  r,  /  (i2  r,)  represent  the  total 

equivalent  resistance  of  R  in  parallel 
with  anode-grid  plate  resstance,  r,, 
r,  =  be  the  resistance  between  cathode  and 
second  grid  used  as  a  plate, 

Ea  =  he  the  voltage  to  cathode  of  outer 
control  grid, 

Ec  =  he  the  voltage  to  cathode  of  collector 
anode. 

Eao  =  he  the  voltage  to  cathode  of  anode 
grid,  and 

Eb  —  he  the  voltage  supply  to  R 
The  tube  may  be  a  type  58  with 
possible  values  of:  Ri  =  100,000 
ohms,  Rt  =  25,000  ohms,  Ec  =  -i-20 
volts,  Eo  =  4.5  volts,  Eb  =  -1-115 
volts,  and  E^a  =  -f40  approx. 

The  values  of  C,  and  C-  depend 
upon  the  desired  frequency  and  are 
related  by  the  formula 

/  = - (1) 

2vv/ftftC,  C, 

For  the  conditions  cited  r,  is  such 
that  Ri  =  10,000  ohms  and  if  C,  and 
Ct  are  equal  their  capacitances,  in  jxf, 
are  given  by 

c.  =  e,  =  H2(l2 

2tJ 

For  /  =  15  cps.  Cl  =  C,  =  0.336  /u-f. 

The  equivalent  circuit  is  shown  in 
Fig.  2.  The  voltage,  e,  across  Ri  (or 
a  definite  fraction  of  it  as  deter¬ 
mined  by  the  setting  of  Ri)  is  ap¬ 
plied  to  the  outer  control  grid  which 
has  negative  transconductance  to  the 
anode  grid,  that  is,  as  the  outer  grid 
goes  positive  the  anode  grid  receives 
less  current  and  is,  therefore,  car¬ 
ried  positive.  It  will  be  seen  that  a 


reduction  of  volume  control  setting 
is  exactly  equivalent  to  a  reduction  in 
the  absolute  value  of  the  transcon¬ 
ductance  and  hence  permits  a  varia¬ 
tion  of  the  transconductance  inde¬ 
pendent  of  the  plate  resistance  of  the 
anode  grid.  This  permits  adjustment 
of  the  grid  excitation  to  just  that 
value  required  for  oscillation  and 
hence  permits  excellent  waveform  at 
all  frequencies.  The  purpose  of  the 
shunting  rheostat,  Rt,  is  to  permit 
adjustment  of  R^  and  hence  of  the 
oscillating  frequency.  This  may  be 
used  for  purposes  of  calibration  or 
to  give  continuous  control  of  fre¬ 
quency  between  condenser  steps  in  a 
multi-frequency  oscillator.  It  will  be 
noted  that  feedback  and  frequency 
adjustments  are  independent. 

By  Kirchoff’s  laws. 

»  **  *1  +  »n  +  *ci  *  —fG\  (2) 


where  G,  is  the  conductance  of  the 
parallel  combination  of  Rt  and  R,. 
The  component  currents  are: 


h  = 

''  ft’ 

tn 

= 

'  e  -H 

1  / 

•e 

f*  = 

cJ 

ft 

de 

r 

dt 

“  dt 

R, 

"Ci 

ft’ 

dt 


dr. 


(3) 


and 

Hence,  the  equation  for  Fig.  2  is 

e  r  1  r  e  de 

R,  ft  C,  ft  J  Ri"^*  +  A 


(4) 


Ci  e 

rTci 


—  —  eGi 


(5) 


or,  written  as  a  differential  equation. 


—  4-^— L  ._J_  -L. 
d<*  V  RiCt  RtCt  RiCi 


* 

cj  dt 


ftftCiC,*  “  ® 


(6) 
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This  is  oscillatory  if  the  coefficient  the  effective  loading  of  R,  on  the  tuned  circuit  of  netrative,  zero,  or 
of  the  middle  term  is  zero  or  nega-  oscillating  circuit.  Important  para-  low  positive  decrement  and  hence 
tive  and  the  frequency  is  given  by  meters  are  the  ratios  Ci/Ci  =  K,  may  be  used  as  a  very  selective  ampli- 

^ _ 1  and  RiCt/R,Cf  =  Kr.  In  operating  fier  if  properly  adjusted.  The  con- 

V  HiRiCiCt  (7)  circuits  has  varied  from  i  to  10  trolled  transitron  RC  oscillator  de- 

The  limiting  condition  of  oscilla-  Kt  from  0.7  to  20.  scribed  above  has  this  desired  feed- 

tion  is  given  by  From  the  equations  above  it  may  back  control.  It  may  be  used  as  a 

j  ^  .  be  seen  that,  if  RjRt  is  large  and  frequency  selective  amplifier  by  coup- 

IGi  I  ^  ^  +  ^(^1  +  q)  CijCx  is  not  unduly  large,  RiG  should  ling  the  input  voltage  to  the  pentode 

1  1  /  RiCt\  be  kept  constant  for  constant  oscil-  inner  control  grid  and  by  adjusting 

lating  amplitude.  If  R  is  large  rela-  the  grid  excitation  control  to  a  value 
Much  may  be  learned  from  the  tive  to  r,  then  R.  is  nearly  propor-  just  under  that  for  oscillation.  The 
foregoing  equations.  In  order  to  vary  tional  to  r,  which  is  nearly  inversely  best  overall  operating  characteristics 
the  frequency  it  is  necessary  to  vary  proportional  to  G  for  the  tubes  con-  of  the  circuit  as  a  regenerator  will  be 
Ru  R>,  Cl,  or  C„  or  any  combination  cerned  and  the  conditions  are  satis-  found  with  Kr  near  1.  As  the  feed- 
of  these.  To  avoid  constantly  chang-  fied.  Actually  a  somewhat  smaller  back  control  is  advanced  toward  the 
ing  the  grid  excitation  setting  it  is  percentage  variation  of  G  than  of  zero  damping  point  there  will  be  a 
desirable  to  have  the  same  limiting  r,  is  required  and  conditions  may  be  marked  increase  of  gain  at  the  na- 
condition  of  oscillation  at  different  found  for  which  this  is  true.  This  tural  frequency  of  the  system;  in 
frequencies.  This  may  be  achieved  will  give  good  waveform  for  varying  fact,  high  values  of  Q  are  available, 
by  keeping  the  ratio  C,/Ci  constant  if  supply  voltage  but  will  make  the  fre-  If  the  feedback  is  0.9  of  that  re- 
the  values  of  i2,  and /?,  are  to  remain  quency  fairly  sensitive  to  supply  quired  for  oscillation  (and  /2,C,  = 
constant  which  is  desirable  from  a  voltage.  A  ten  percent  variation  of  R^C,)  the  equivalent  Q  is  5.5  and  by 

increasing  the  feedback  reasonably 

_ _  stable  values  up  to  20  or  25  may  be 

I  { .•  ^  obtained.  The  question  of  phase  is 

of  interest.  Since  the  inner  control 
grid  is  supplying  the  little  portion  of 
G  needed  to  make  the  damping  zero 
at  the  natural  frequency,  then  the 
voltages  on  the  inner  and  outer  con¬ 
trol  grids  must  be  exactly  180  de¬ 
grees  out  of  phase  at  the  natural  fre¬ 
quency  and  the  amplified  voltage  at 
the  junction  of  R,  and  C,  is  available 
for  connection  to  an  amplifier  grid. 


To  gria! 
next  sfagm 


FIG.  2 — EquiTaUnt  circuit  oi  the  RC 
trantitron  oicillotor  of  Fig.  1 


FIG.  1 — The  improred  trcmeltron  oecillator  with  independent  control  oi  oscillation 
through  the  use  of  the  Tariable  resistor,  R>.  The  circuit  may  be  \ued  os  a  frequency 
selective  amplifier  by  feeding  the  voltage  to  the  terminals  AB  and  taking  the  output 

from  terminals  CD 


practical  operating  standpoint.  The  the  supply  will  cause  about  a  ten  per- 
maximum  theoretical  value  of  Rt  is  cent  change  of  Rj  and  hence  about  a 
r,  and  its  practical  maximum  value  five  percent  variation  of  the  fre- 
is  less  than  that,  while  its  minimum  quency.  Since  waveform,  stability, 
value  is  1/G  even  if  R,  is  infinite.  But  frequency,  and  output  are  all  de¬ 
variation  of  Ri  by  a  variation  of  R  pendent  upon  the  supply  voltages  it 
will  affect  the  average  operating  is  evident  that  a  well  regulated  sup- 
point  which  is  undesirable  if  the  ply  is  essential.  If  this  is  provided 
maximum  undistorted  output  is  to  be  high  voltage  output  of  excellent  wave- 
obtained.  The  resistance  i?,  has  a  form  may  be  obtained  by  the  use  of 
maximum  value  determined  by  grid  reasonably  large  values  of  R  and  R,, 
current  and  bias  variation  considera-  an  average  value  of  RiCi/R^Ct  near 
tions.  For  practical  purposes  this  10,  and,  especially,  of  the  principle 
resistance  may  be  taken  as  500,000  of  frequency  variation  by  change  of 
ohms,  but  of  course  it  depends  en-  both  C,  and  C„  keeping  their  ratio 
tirely  upon  the  tube  and  operating  constant  and  near  1. 
conditions.  The  minimum  value  of  Any  oscillator  whose  tendency  to 
Ri  is  determined  by  the  values  of  Rt  oscillate  may  be  continuously  varied 
and  G,  and  also  by  the  ratio  of  Ct  to  from  the  normal  slight  negative 
Cl.  It  will  be  observed  that  this  damping  through  zero  to  slight  posi- 
ratio  has  a  multiplying  effect  upon  tive  damping  is  the  equivalent  of  a 


Thus  the  equivalent  of  a  low  fre¬ 
quency,  high  Q,  tuned  load,  amplifier 
stage  with  /  and  Q  continuously  ad¬ 
justable  is  available.  This  should  be 
valuable  in  vibration  and  balancing 
studies. 
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Wave  Form  Circuits 


for  CATHODE 


Flexibility  over  a  wide  range  of  frequencies,  rapidity  in  operation,  and  high  impedance  make 
the  cathode-ray  tube  a  universal  tool  of  the  communications  engineer  as  well  as  of  the  service 
man.  The  uses  of  this  important  tube  in  waveform  analysis  are  thoroughly  covered  in  this 
two-part  survey  article  of  present  day  technique 


to,  or  an  integral  aubmultiple  of  the 
periodicity  of  the  signal  waveform  a 
stationary  pattern  is  produced. 

potential  will  determine  the  bright-  Since  the  theory  of  deflection  is 
ness  of  the  spot  on  the  screen.  When  be  found  in  nearly  every  text,  only 
the  spot,  which  normally  is  formed  at  a  few  points  of  practical  intent  need 
the  center  of  the  screen,  is  deflected  be  noted  here.  The  cathode-ray  tube 
by  an  electric  or  a  magnetic  field  the  of  Fig.  1  is  of  the  more  common  elec- 
spot  moves  and  we  have  a  trace  of  trostatically  focused  type.  The  first, 
light  on  the  screen  due  to  persistence  A,  anode  potential  is  adjusted,  rela- 
of  vision  and  the  time  required  for  five  to  that  of  the  second  At  anode, 
the  fluorescence  to  die  out.  Traces  to  focus  the  spot  on  the  screen.  The 
due  to  periodic  signal  waveforms  grid,  G,  may  be  biased  to  adjust  the 
are  ordinarily  formed  on  the  screen  brightness  of  the  spot  and  a  signal 
as  graphs  of  the  instantaneous  ampli-  may  be  applied  via  the  grid  coupling 
tilde  of  the  signal,  plotted  against  circuit  to  modulate  the  brightness 
time.  This  is  accomplished  by  a  peri-  of  the  ray.  Since  circuits  should  al- 
odic  horizontal  deflection  which  ways  be  complete,  we  show’  by  dotted 
varies  linearly  with  time  from  left  lines  that  electrons,  equal  in  number 
to  right ;  to  provide  a  time  scale,  and  to  those  striking  the  screen,  leave 
a  vertical  deflection  which  follows  in-  the  screen  due  to  secondary  electron 
stantaneously  the  amplitude  of  the  emission  and  flow  to  the  second 
signal.  anode.  The  second  anode  extends 

A  deflection  field  of  saw-tooth  toward  the  screen  to  draw'  off  these 
waveform  is  employed  to  provide  secondary  electrons  and  to  act  as  a 
this  horizontal  time  axis  and  when  shield  against  extraneous  electric 
it  is  chosen  with  a  periodicity  equal  fields. 


PRIOR  to  the  first  World  War  the 
cathode-ray  tube  was  a  recog¬ 
nized  but  infrequently  used  tool  for 
the  study  of  voltage  and  current 
waveforms.  During  the  nineteen 
twenties  and  thirties  electronic 
television  appropriated  the  cathode- 
ray  tube  to  convert  it  to  its  own  in¬ 
struments  of  generator  and  repro¬ 
ducer  of  television  images.  In  this 
effort  a  large  number  of  w’orkers 
here  and  abroad  perfected  a  tech¬ 
nique  of  generation  and  control  of 
electrical  waveforms  which  could 
meet  rigid  standards  of  operation. 
While  broadcast  television  may  mark 
time  until  the  war  ends,  the  tech¬ 
nique  it  has  perfected  is  being  em¬ 
ployed  in  almost  endless  fashion  to 
win  the  war.  Engineers  and  tech¬ 
nicians  from  other  fields  who  now 
are  called  upon  to  develop  and  op¬ 
erate  these  cathode-ray  devices  will 
find  an  enormous  literature  on  the 
subject.  The  present  article  seeks 
only  to  illustrate,  as  apace  will  per¬ 
mit,  some  of  the  principles  of  wave¬ 
form  generation  and  control  which 
may  be  of  service  to  these  men. 


Fundamentols  of  fho  C-R  Oieillograph 

Electrons  emitted  from  the  heated 
cathode  of  a  vacuum  tube  may  be  fo¬ 
cused  by  an  electric  or  a  magnetic 
field  and  accelerated  by  a  d-c  poten¬ 
tial  of  several  hundred  (sometimes 
several  thousand)  volts  to  strike 
upon  a  fluorescent  screen.  The  num¬ 
ber  of  electrons  in  this  so-called  cath¬ 
ode-ray  (i.e.,  the  beam  current)  and 
its  electron  velocity  due  to  the  d-c 


FIG.  1 — Schematic  wiring  diagram  of  electrostatically  deflected  cathode  ray  tube. 
Cathode,  grid,  first  and  second  anodes  are  shown  respeclirely  at  K,  G.  A,  and  A. 
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The  saw-tooth  deflecting  voltage 
is  applied  as  shown  to  the  horizontal 
deflecting  plates  and  relative  to  the 
second  anode  voltage ;  hence  the 
anode  is  grounded.  The  cathode  may 
be  grounded  if  the  voltage  supply, 
represented  for  convenience  by  a 
battery,  is  suitably  by-passed  and 
the  condensers  coupling  the  deflec¬ 
tion  voltage  to  the  plates  are  chosen 
to  withstand  the  high  anode  voltage. 
One  of  the  plates  may  be  connected 
direct  to  the  second  anode  and  a 
“single  phase”  deflection  voltage  ap¬ 
plied  to  the  other  plate.  However 
the  use  of  a  balanced  voltage  source 
as  illustrated  is  to  be  preferred  to 
avoid  distortions.  Similarly,  the  sig¬ 
nal  voltage  is  applied  to  one  or  both 
of  the  vertical  deflection  plates. 

Since  we  are  dealing  wdth  deflec¬ 
tion  of  a  ray  of  negative  electrons 
the  motion  of  the  spot  is  in  the  direc¬ 
tion  of  the  electric  field  as  shown  in 
Fig.  2 A.  For  magnetic  deflection  the 
motion  of  the  spot  is  normal  to  the 
direction  of  the  magnetic  field  as 
shown  at  Fig.  2B.  With  normally 
designed  tubes  and  deflector  elements 
the  displacement  of  the  spot  is 
directly  proportional  to  the  field 
strength  and  hence  directly  propor¬ 
tional  to  the  deflection  voltage  or 
deflection  current  as  the  case  may  be. 
For  deflection  in  two  dimensions  by 
a  pair  of  deflectors  normal  to  each 
other  and  of  equal  sensitivity  the 
displacement  of  the  spot  P  is  shown 


in  Fig.  2C  as  the  resultant  of  dis¬ 
placements  X  and  y  corresponding 
to  the  horizontal  and  vertical  deflec¬ 
tion  fields  respectively.  The  displace¬ 
ment  of  P  may  also  be  defined  in  po¬ 
lar  coordinates  by  the  angle  W  and 
the  radius  vector  p. 

Fundamental  ftC  and  L  R  generators 

The  generator  of  .saw-tooth  volt¬ 
age  or  current  to  provide  a  time  axis 
is  of  fundamental  consideration  and. 


The  rapid  growth 
of  the  application  oi  cath- 
ode-ray  tiibes  as  devices 
ior  analyzing  circuit  opera-  | 
tions  is  partly  the  result  oi  I 
recent  television  develop-  j 
ments.  But  it  is  equally  the  | 
result  of  the  many  circwt  j 
refinements  which,  coupled  I 
with  improvements  in  the  | 
tubes  themselves,  make  the  . 
c-r  oscilloscope  the  most  I 
versatile  piece  of  analyzing 
equipment  for  the  electron¬ 
ics  worker.  At  the  request 
of  the  Editors,  Mr.  Lewis 
has  prepared  this  timely 
survey  of  cathode-rcry  tube 
technique. 


FIG.  3 — (AboYe)  Two  saw-tooth  circuits 
and  wave  forms  produced 


FIG.  4 — (Below)  Hot  cathode  gas  tube  io 
saw-tooth  circuit,  similar  to  that  oi  Fig.  3A 


FIG.  2 — Dectrostotic  (A)  and  electromagnetic  fields  (B)  (open  arrows)  produce  electron 
motions  (closed  arrows)  to  produce  spot.  P.  on  screen  (C) 
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is  the  basis  of  waveforms  used  in  The  terms  "charge”  and  "dis- 
cathode-ray  technique.  charge,”  are  entirely  relative.  For 

The  fundamental  form  of  saw-  example  the  bottom  connection  of  C 
tooth  voltage  generator  or  RC  cir-  may  be  brought  to  the  E  +  terminal 
cuit  is  illustrated  in  Fig.  3.  The  con-  of  the  battery  without  causing  any 
denser  C  is  rapidly  charged  by  bat-  difference  in  the  waveform  or  d-c 
tery  E  through  the  device  S  and  level  of  the  voltage  between  the  top 
small  resistance  r.  The  device  S,  terminal  and  ground.  In  this  case 
which  we  may  term  a  shorting  tube,  it  would  be  more  natural  to  say  that 
has  the  property  of  being  non-con-  the  condenser  C  is  slowly  charged 
ductive  until  a  predetermined  voltage  through  R  and  rapidly  discharged 
is  applied  across  its  terminals.  It  through  S  and  r.  We  should  note 
then  passes  current  freely  and  con-  however  that  reversal  of  the  battery 
tinues  to  do  so  until  the  voltage  E  causes  a  reversal  in  polarity  of 
.  the  saw  tooth  waveform. 

In  applying  this  voltage  for  de- 
Hecting  the  ray  we  are  not  concerned 
about  the  rapid  retrace  since  it  is 
not  used.  Also  fewer  electrons  strike 
a  given  spot  on  the  screen  and  the 
retrace  will  be  dim;  it  may  also  be 
blanked  out  by  a  negative  pulse  ap- 
plied  to  the  grid.  The  trace  how- 
ever  should  be  linear  to  serve  as  a 
time  axis  and  fair  linearity  may  be 
achieved  by  making  E  a  high  voltage 
falls  to  a  second  predetermined  but  and  making  R  as  large  as  possible, 
lower  level.  A  tw’o  electrode  tube  thereby  to  effect  operation  over  a 
containing  a  low  pressure  of  gas  small  linear  portion  of  the  exponen- 
(e.g.  neon,  argon  or  the  like)  has  tial  curve. 

this  property,  there  being  an  effec-  The  current  through  the  con- 
tive  difference  between  the  ioniza-  denser  C  will  have  the’  impulse  wave- 
tion  and  de-ionization  or  arc  exten-  form  shown  as  i,  of  curve  D.  Here 
sion  potentials.  As  condenser  C  we  again  have  exponential  trace  and 
charges,  the  voltage  across  it  rises  retrace  portions  of  the  wave  joined 
to  oppose  that  of  the  battery  E  by  abrupt  discontinuities.  In  prac- 
until  the  net  voltage  across  S  tice  these  discontinuities  can  never 
reaches  the  de-ionization  level.  At  be  perfectly  vertical  changes  of  am- 
this  point  the  tube  S  becomes  non-  plitude  since  nothing  can  happen 
conductive  and  condenser  C  dis-  in  zero  time.  So  we  note  mentally 
charges  through  the  high  resistance  that  a  small  slope  exists  wherever 
R  until  its  voltage  is  decreased  to  a  such  waveforms  are  shown  and  that 
level  where  S  again  conducts  current,  they  could  only  be  illustrated  signifi- 
The  cycle  then  repeats  and  the  pe-  cantly  by  using  a  greatly  expanded 
riodic  waveform  of  voltage  across  scale  of  time.  The  same  is  true  of 
condenser  C  is  shown  as  e,  of  curve  the  points  of  inflection  of  the  w'ave- 
C.  This  wave  is  of  saw  tooth  form  forms:  thev  are  actually  curved 


FIG.  5 — Hot  cathode  gai  tube  used  in  cir¬ 
cuit  for  producing  saw  tooth  wave  forms 


FIG.  6 — Popular  type  of  sow  tooth  genera¬ 
tor  with  regenerotiTe  shorting  tube,  S 


FIG.  7 — The  populea  muItiTibrator  type  of 
circuit  producing  relaxation  oscillations 


FIG.  8 — Simple  diagram  of  the  blocking  os¬ 
cillator  type  of  reloxation  oscillator 


E\  is  the  maximum  voltage  level. 

Ei  is  the  minimum  voltage  level,  and 
E  is  the  battery  voltage. 


FIG.  9 — A  convenient  saw  tooth  wave  form 
generator  using  a  single  pentode 


ELECTRONICS 


-11* 

i  ■ 

determined  by  the  time  constant 
L/R.  Here  R  is  a  small  resistance 
and  includes  the  coil  resistance.  The 
.smaller  we  make  the  value  of  R, 
the  more  slowly  the  current  increase. 
Hence  R  determines  the  trace  part 
of  the  cycle  of  it  also  represented 
by  curve  C  of  Fig.  3.  The  magnetic 
flux  increases  with  the  current  in¬ 
crease  through  L  until  at  a  prede¬ 
termined  maximum  it  pulls  open  the 
contact  0.  The  current  then  de¬ 
creases  according  to  the  steeper  re¬ 
trace  exponential  curve  as  deter¬ 
mined  by  the  time  constant  L/r. 
Since  r  will  generally  be  the  leakage 
resistance  and  very  high,  the  cur¬ 
rent  retrace  will  be  rapid.  The 
mechanical  period  of  the  spring  con¬ 
tact  O  may  determine  the  frequency, 
but  assuming  a  device  without  such 
mechanical  properties  we  note  that 
the  trace  part  of  the  cycle  which 
chiefly  determines  the  periodicity,  is 
controlled  by  the  choice  of  L  and  R. 
An  increase  in  R  results  in  an  in¬ 
crease  of  frequency. 

The  voltage  across  an  inductance 
is  the  mathematical  derivative  of 
the  current  through  it  and  hence  e,. 
is  represented  by  the  impulse  wave¬ 
form  of  Fig.  3D. 

For  magnetic  deflection  the  coil  L 
could  be  designed  to  serve  as  the 
deflection  coils  of  Fig.  2B  to  provide 
a  time  axis. 

RC  type  Rclaiation  Generators 

A  number  of  circuit  arrange¬ 
ments  of  ordinary  vacuum  tubes  can 
be  arranged  to  simulate  the  funda¬ 
mental  L/R  circuit  of  Fig.  3B.  In 
general  it  is  easier  to  arrange  vac¬ 
uum  tube  circuits  as  RC  type  gen¬ 
erators.  These  are  also  more  useful 
in  cathode  ray  technique  and  hence 
they  alone  will  be  discus.sed. 

A  gas  tube  having  a  hot  cathode, 
plate  and  grid,  such  as  the  thyratron 
provides  the  most  simple  and,  for 
many  purposes,  the  most  useful  gen¬ 
erator  arrangement  as  shown  by 
Fig.  4.  The  circuit  is  identical  with 
Fig.  3A  except  that  the  gas  tube 
becomes  the  device  S  and  must  be 
correctly  connected  in  the  circuit. 
The  grid  is  connected  to  a  point  on 
the  battery  through  a  high  resistor 
so  that  a  synchronizing  signal  may 
be  applied  between  grid  and  ground 
via  the  capacity  shown.  The  con¬ 
nection  of  the  grid  to  the  battery 
is  to  provide  a  suitable  negative  bias 
between  grid  and  cathode  of  tube  S. 


since  the  grid  bias  determines  the 
voltage  level  at  which  the  tube  con¬ 
ducts  current.  This  bias  is  nega¬ 
tive,  not  positive,  since  it  is  com¬ 
prised  of  the  tapped  portion  of  E 
and  the  average  d-c  potential  across 
C.  We  have  then  in  this  circuit  an 
additional  control  of  frequency  and 
linearity,  since  we  may  set  the  grid 
bias  to  determine  one  voltage  level; 
that  at  which  the  retrace  begins. 
Once  the  gas  tube,  S,  becomes  con¬ 
ductive  the  grid  has  no  control  and 
the  charging  of  C  continues  until  the 
net  plate-cathode  voltage  reaches  the 
extinctive  level  where  the  grid  again 
takes  control.  It  will  be  noted  that 
here,  and  in  the  circuits  of  Fig.  5 
and  Fig.  6  which  follow,  the  RC 
circuit  is  in  the  cathode-ground  path 
where  it  affects  both  plate  and  grid 
circuits  in  determining  the  levels  at 
which  tube  S  operates.  When  pos¬ 
sible  this  arrangement  is  to  be  pre¬ 
ferred. 

The  circuit  of  Fig.  5  is  like  that 
of  Fig.  4  but  here  the  device  S  is  a 
high  vacuum  triode.  To  obtain  the 
equivalent  of  a  gas  ionization  char¬ 
acteristic,  and  also  to  avoid  the 
limitation  of  an  appreciable  time  for 
ionization  to  occur,  a  feedback  con¬ 
nection  is  provided.  The  transformer 
coupling  plate  and  grid  circuits 
serves  then  to  provide  a  positive 
pulse  of  voltage  on  the  grid  when 
current  starts  to  flow  through  the 
tube.  Thus  the  resistance  of  the 
tube  is  .sharply  lowered  to  provide 
for  the  rapid,  charge  of  condenser  C 
during  the  retrace  interval.  One  or 
both  windings  of  the  transformer  will 
ordinarily  be  damped  as  shown  by  a 
shunt  resistor  to  avoid  oscillation 
through  distributed  capacities.  Actu¬ 
ally  the  voltage  across  each  winding 
will  be  a  double  impulse  (first  positive 


and  then  negative)  as  will  be  shown 
later.  The  choice  of  a  transformer 
is  not  critical  but  will  in  general  be 
chosen  with  regard  to  the  range  of 
operating  frequencies  since  much 
higher  frequencies  may  be  generated 
by  vacuum  tubes  than  by  gas  tubes. 

A  widely  used  form  of  saw  tooth 
voltage  generator  is  the  circuit  of 
Fig.  6.  High  vacuum  tubes  are  em¬ 
ployed  and  the  circuit  is  fundamen¬ 
tally  the  same  as  the  preceding  one. 
The  shorting  tube,  S,  is  made  re¬ 
generative  by  means  of  a  polarity 
reversing  tube  V  instead  of  a  trans¬ 
former.  When  charging  current  flows 
through  S,  a  negative  voltage  pulse 
across  the  plate  resistor  load  is  am¬ 
plified  as  a  positive  voltage  pulse  by 
tube  V  and  applied  to  the  grid  of  S 
to  increase  its  conductivity  during 
the  retrace  interval.  The  direct  con¬ 
nection  of  the  plate  of  V  to  the  grid 
of  S  is  permissible  since  as  in  the 
preceeding  figures  the  grid  will  be 
returned  to  a  point  on  the  battery 
to  provide  suitable  bias. 

The  RC  circuit  which  controls  the 
trace  part  of  the  cycle  is  the  con¬ 
denser  C  and  the  plate-cathode  re¬ 
sistance  of  the  pentode  R.  The  plate 
current  of  a  pentode  is  constant  for 
a  wide  range  of  plate  voltage  and 
may  be  set  by  its  grid  bias.  Hence 
by  substitution  of  the  pentode  for  R 
we  predetermine  a  constant  current 
di.scharge  of  C  during  the  trace  part 
of  the  cycle.  This  means  that  the 
trace  voltage  across  C  will  vary 
linearly  with  time.  Substantially 
linear  trace  saw  tooth  voltage  may 
be  had  by  this  method.  The  pentode 
may  of  course  be  used  to  replace  R 
in  the  preceding  circuits.  To  pro¬ 
vide  a  balanced  output  a  portion  of 
saw  tooth  voltage  across  C  may  be 
taken  from  a  condenser  in  series 


FIG.  10 — Rectangular  pulses  oi  suitable  amplitude  and  sign  control  frequency  oi 
relaxation  oscillators  by  altering  the  breakdown  Toltage  timing,  as  shown  by  solid 

saw  tooth  wave 
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ordinary  control  characteristics  or 
positive  mutual  conductance  relative 
to  the  plate  but  which  has  opposite 
control  or  negative  mutual  conduc¬ 
tance  relative  to  the  screen  grid. 
This  is  evident  since  a  negative  po¬ 
tential  on  the  suppressor  turns  elec¬ 
trons  back  to  the  screen  grid.  The 
inner  elements  of  cathode,  suppres¬ 
sor  grid  and  screen  grid  (the  screen 
grid  being  viewed  as  an  anode) ,  with 
the  elements  comprises  a  re¬ 

generative  circuit.  The  elements 
RiCtRj  determine  the  periodicity, 
FIG.  11  —  (Left)  Dia-  principally  affecting  the  ratio  of 
illuttrating  to  retrace  intervals.  Narrow 

method  of  eynchronii- 

ing  two  relaxation  os-  pulses  of  current  flow  to  the  plate 
ciliators  through  use  of  to  charge  C  which  discharges  slowly 
voltage  pulses  through  R  SO  that  saw-tooth  voltage 
is  developed  across  C. 


FIG.  12 — (Above)  Syn¬ 
chronising  arrangement 
used  in  the  counter 
type  of  frequency  di¬ 
viding  circuits 


with  C  to  the  grid  of  amplifier,  V^, 
with  the  gain  of  V,  adjusted  so  that 
the  saw  tooth  voltage  output  at  O2  is 
equal  in  amplitude  and  opposite  in 
polarity  to  that  at  O,. 

Two  of  the  earliest  forms  of  re¬ 
laxation  oscillators,  both  of  which 
are  still  widely  used,  are  the  “multi¬ 
vibrator”  and  the  “blocking  oscilla¬ 
tor”  shown  respectively  in  Figs.  7 
and  8.  They  are  primarily  useful 
as  sources  of  impulse  waveform. 

The  multivibrator  in  its  original 
form  is  simply  two  resistance 
coupled  stages;  the  output  of  the 
second  stage  being  coupled  back  to 
the  input  of  the  first  so  that  the  ar¬ 
rangement  is  regenerative.  For  ex¬ 
ample  the  condenser  C,  will  be 
charged  when  tube  V',  is  conductive 
rnd  the  charge  must  leak  off  through 
/i,.  When  Fo  is  conductive  the ’con¬ 
denser  Cs  is  charged.  With  equal  CR 
time  constants  in  the  two  coupling 
circuits  the  tubes  F,  and  F.j  are  al¬ 
ternately  conductive  for  equal  time 
intervals,  that  is  the  trace  and  re¬ 
trace  intervals  of  the  wave  are 
equal.  Pulse  voltages  of  opposite 
polarity  are  therefore  available  from 
the  two  coupling  circuits.  It  is  also 
possible  for  each  condenser  to  be 
charged  in  the  opposite  sense  by  the 


flow  of  grid  current  which  must  leak 
off  through  the  grid  resistor  so  that 
when  C,  is  being  charged,  C-  is  be¬ 
ing  discharged  or  charged  in  oppo¬ 
site  sense  and  vice  versa.  With  dis¬ 
similar  coupling  circuit  constants 
the  trace  and  retrace  intervals  will 
differ. 

The  blocking  oscillator  of  Fig.  8 
is  a  conventional  (but  untuned) 
feedback  circuit  arranged  with  a 
grid  condenser  and  leak  so  that  w'hen 
the  tube  conducts,  grid  current  flows 
to  charge  C  negative.  The  tube  is 
therefore  shut  off  until  the  charge 
leaks  off  through  R.  In  some  ar¬ 
rangements  of  the  circuit  one  of 
the  windings  is  tuned  by  a  condenser 
to  a  high  frequency  so  that  several 
cycles  of  oscillation  occur  before  C 
is  charged  sufficiently  to  stop  the 
flow  of  plate  current.  Voltage  across 
one  of  the  windings  will  be  of  dou¬ 
ble  impulse  form  which  may  be  used 
for  a  variety  of  purposes. 

A  very  convenient  form  of  saw¬ 
tooth  voltage  generator  employing 
a  single  pentode  tube  is  shown  in 
Fig.  9.  The  action  of  the  circuit  is 
not  simple  and  a  variety  of  explana¬ 
tions  have  appeared  in  the  literature. 
Ba.'^ically  the  operation  depends  upon 
the  suppressor  grid  which  has  the 


Synchrenixation  and  Coantcr  Circuits 

As  has  been  shown  the  periodicity 
of  an  RC  relaxation  oscillator  is  con¬ 
trolled  by  its  charging  and  discharg¬ 
ing  time  constant  circuits  and  by 
two  levels  of  voltage.  (See  Eq.  1). 
Synchronization  of  the  oscillator  to 
conform  with  the  periodicity  of  some 
other  source  is  effected  by  control¬ 
ling  at  least  one  of  these  voltage 
levels,  generally  that  which  termi¬ 
nates  the  trace  part  of  the  cycle.  In 
Fig.  10  these  levels  for  a  saw-tooth 
voltage  waveform  are  shown  as 
e,„„r  and  e,„i„  and  the  natural  relaxa¬ 
tion  period  is  shown  by  the  dotted 
saw-tooth  line.  If  we  modify  the 
level  e,„.x  by  superimposing  upon  it 
the  pulse  waveform  as  shown  it  will 
be  clear  that  the  trace  part  of  the 
cycle  may  be  in'  errupted  by  the  low¬ 
ering  of  this  maximum  level  during 
a  pulse  peak.  In  the  illustration  it 
is  not  until  the  fifth  peak  occurs  that 
the  cycle  is  interrupted  or  tripped. 
It  is  evident  from  the  diagram  that 
relaxation  oscillators  may  be  accu¬ 
rately  synchronized  by  this  method 
at  the  same  periodicity  or  at  a  sub¬ 
multiple  of  the  synchronizing  signal. 
This  is  fortunate  since  in  using  the 
saw-tooth  wave  as  a  time  axis  it  is 
desirable  to  synchronize  it  at  a  sub¬ 
multiple  of  the  signal  periodicity 
thereby  to  show  a  succession  of  sev¬ 
eral  cycles  of  the  signal  waveform  on 
the  oscilloscope  screen. 

Sharp  pulses  for  synchronizing 
may  be  derived  from  all  recurrent 
waveforms.  While  synchronization 
is  not  limited  to  the  use  of  pulses 
they  are  to  be  preferred  since  the 
{Continued  on  page  84) 
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GRAPHICAL  ANALYSIS 

of  SAW  TOOTH  WAVES 


Although  radio  engineers  are 
■  mainly  concerned  with  sinusoidal 
waves  and  oscillations  they  fre¬ 
quently  encounter  periodic  functions 
of  other  shapes.  Many  of  these  other 
waves  consist  of  a  slow  rise  of  a  cur¬ 
rent  or  voltage  and  a  much  faster  de¬ 
cline  back  to  its  original  value;  this 
is  repeated  periodically.  Waves  of 
such  shape  are  found  in  condenser 
input  filters  of  rectifi"*s,  deflection 
voltages  and  currents  for  cathode- 
ray  tubes,  multivibrator  circuits, 
tube  inverters  etc.  They  are  char¬ 
acterized  by  a  relatively  large  con¬ 
tent  of  higher  harmonics. 

In  all  applications  of  such  waves 
or  oscillations  it  is  of  importance  to 
know  the  amplitudes  of  the  higher 
harmonics.  This  information  is  de¬ 
sirable  in  the  design  of  amplifiers  to 
provide  the  desired  amplification  of 
the  input  waves  without  excessive 
volume  distortion,  or  pf  filters  which 
have  the  desired  attenuation.  Such 
data  is  also  useful  to  select  such  a 
wave-shape,  for  frequency-multipli¬ 
cation  in  multivibrators,  that  the 
amplitude  of  any  particular  har¬ 
monic  is  zero  or  a  maximum  value. 

For  computing  the  curves  of  the 
diagram  on  the  following  page  the 
simplifying  assumption  has  been 
made  that  both  the  rise  and  the  de¬ 
cline  of  the  function  have  a  constant 
rate  of  change  or  that  the  curve  ap¬ 
pears  graphically  as  a  combination 
of  two  straight  lines  as  in  Fig.  1. 
This  assumption  is  permissible  since 
it  is  a  very  good  approximation  in 
most  cases  and  facilitates  the  com¬ 
putation  of  the  amplitudes  of  the 
harmonics  by  a  Fourier  analysis. 

By  .selecting  the  point  P  (Fig.  1.) 
as  the  origin  of  our  coordinate  sys¬ 
tem  it  can  be  .seen,  that  the  coeffi¬ 
cients  of  all  cosine  expressions  are 
zero  and  only  those  of  the  sine  ex¬ 
pressions  must  be  computed  from 
following  the  formula: 

b,  =  — ^  f  f  (x)  sin  nx  dx, 

W 

integrated  over  a  full  period  of  f(x) 
(from  point  P  to  point  P'  in  Fig.  1.) 
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where  n  is  the  order  of  the  particular 
harmonic. 

By  making  the  greatest  amplitude 
of  our  function  /(x)  equal  to  1  (or 
100  per  cent)  the  following  expre.s- 
sion  for  b„  is  obtained : 

2  sin  (n  ir  x) 


b,  = 


0  <  X  <1 


T»n*x(l  -  x)’ 

This  becomes  indefinite  for  values 
of  X  =  0  and  x  =  1  and  after  differ¬ 
entiation  of  numerator  and  denomi¬ 
nator  in  the  usual  way  we  obtain 

=  2/ht.  for  x  =  0  or  1.  Here  x 
means  that  fraction  of  the  total 
cycle  during  which  our  function 
rises  from  zero  to  its  maximum 
value  of  Fig.  1. 

In  the  diagram  on  the  following 
page  curves  are  plotted  representing 
the  amplitudes  of  the  higher  har¬ 
monics  b„  as  a  function  of  the  value 
.r  and  of  the  order  ii  of  the  harmonic. 
The  amplitudes  b„  are  plotted  in 
logarithmic  .scale  to  emphasize  small 
values  of  b„.  As  could  not  be  other¬ 
wise  expected  the  curves  are  sym¬ 
metrical  with  the  value  x  =  i  (or 
50  percent)  as  axis  of  symmetry,  .so 
that  only  one  half  of  the  diagram 
actually  had  to  be  plotted.  The  value 
X  =  30  percent  gives  the  same  values 
of  b„  as  X  =r  100  —  30  percent  or  70 
percent.  This  accounts  for  the  double 
.scale  on  the  abscis.sa  axis. 

The  diagram  can  be  u.sed  in  the 


following  manner:  A.  To  find  the 
harmonic  content  of  a  particular 
saw  tooth  wave  express  values  of 
X  and  1  — X  in  terms  of  percentage 
of  a  complete  cycle.  For  instance  a 
wave  characterized  by  the  fact  that 
the  voltage  rises  during  9/10  and  de¬ 
clines  during  the  remaining  1/10  of 
the  full  cycle  is  represented  by 
X  =  90  percent.  For  this  value  of  x 
we  find  the  amplitude  of  the  third 
harmonic  to  be  20  percent  of  the  full 
saw  tooth  wave  amplitude,  of  the 
seventh  harmonic  3.7  percent  and  so 
on.  If  not  more  than  5  percent  ampli¬ 
tude  distortion  can  be  permitted,  in 
the  saw  tooth  amplifier  its  frequency- 
characteristic  must  be  such  that  all 
harmonics  up  to  and  including  the 
sixth  must  have  the  same  amplifica¬ 
tion. 

B.  To  find  the  wave-shape  which 
has  a  relatively  high  content  of  one 
particular  harmonic  ( for  instance 
for  frequency  -  multiplication  with 
multivibrators)  select  that  value  of 
X  for  which  the  desired  harmonic 
has  a  high  value  of  b„.  If  for  in¬ 
stance  a  high  current  of  the  sixth 
harmonic  and  at  the  .same  time  a  low 
content  of  the  fifth  harmonic  is  de- 
.sired,  the  most  favorable  value  of  x 
i>  40  percent  ( or  60  percent  which 
amounts  to  the  same  waveform). 

The  diagram  also  shows,  that  the 
greatest  content  of  harmonics  can 
be  achieved  with  x  =  0  (or  100  per¬ 
cent  and  that  all  even  harmonics  are 
eliminated  for  x  =  50  percent. 
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Versatile  Electro-Kymograph  . . . 
More  About  Feedback  Voltmeter 

Airport  Control  Console . 

Electronic  Surface  Ani  ’yzer. . . . 
Automatic  Air  Raid  Monitor. . . . 


timing 

stylus 


'Jiming 

motor  and  switch 


Fig.  3 — Electrical  circuit  oi  Tertatile  time 
displacement  recording  device 


The  recording  paper  used  was  de¬ 
veloped  for  radio  facsimile  reproduc¬ 
tion.  The  entire  roll  is  so  mounted  and 
placed  that  the  feed  is  continuous.  The  writing  point  of  platinum  (tungsten 
paper  is  drawn  across  the  metal  plate  would  also  be  suitable)  has  been  affixed, 
at  constant  speeds  by  a  set  of  rollers  Ordinary  steel  or  brass  tips  disin- 
driven  by  the  synchronous  electric  mo-  tegrate  too  rapidly  to  be  satisfactory, 
tor.  External  interchangeable  gears  A  thin  curved  spring  forms  part  of  the 
make  it  possible  to  select  speeds  of  ap-  stylus.  The  spring  serves  to  maintain 
proximately  3,  5,  10,  22,  48,  9.5  and  1.54  slight  pressure  between  the  paper  and 

pointer.  Since  the  recording  mechanism 
nr.j-ii.  not  remowe  a  coating  from  the 

paper,  the  pressure  of  contact  need  be 
sufficient  only  to  maintain  contiguity, 

'  hence  the  element  of  friction  is  almost 

negligible.  A  hne  black  line  is  produced 

The  electric  circuit,  shown  in  Fig.  3, 
constructed  that  all  of  the  styli 
wired  in  parallel.  It  is  therefore 
^  necessary  to  isolate  them  from  one  an- 

'  other  to  prevent  shorting  out  the  other 

*  ^  >  recording  points.  A  series  of  50,000 


Versatile  Electro-Kymograph 

By  Charles  Moore,  B.S.  and  Harlan 
Bloomer,  Ph.D 

The  electro-kymograph  herein  de¬ 
scribed  may  be  adapted  for  use  in  vari¬ 
ous  physical  and  physiological  investi¬ 
gations  in  which  data  are  gathered  from 
time-displacement  curves.  It  records  by 
means  of  an  electric  current  passed 
through  sensitized  paper.  Records  are 
permanent. 

The  first  machine  of  this  type  was 
constructed  for  the  University  of 
Michigan  Speech  Clinic,  to  be  used 
chiefly  in  the  study  of  respiratory  and 
diadochokinetic  movements.  It  was  de¬ 
signed  to  provide  the  advantages  of 
portability,  convenience  of  operation, 
versatility  of  use  and  simplicity  and 
cheapness  of  construction.  Pictures  are 
shown  in  Fig.  1  and  Fig.  2. 

Construction 

The  machine  was  constructed  on  an 
8  by  16 J  inch  base  and  is  housed  in  a 
“portable  sewing  machine  type”  cover 
(omitted  from  the  illustrations)  91 
inches  high.  The  cover  contains  a 
drawer  for  accessories  such  as  the 
pneumographs  and  tambours  used  in 
physiological  studies.  When  fully 
equipped  with  all  accessories,  the  entire 
unit  weighs  forty  pounds. 

The  power  supply,  the  synchronous 
motor  driving  the  paper  and  the  timing 
motor  are  located  beneath  the  metal 
plate  over  which  the  recording  paper 
passes. 


OZ4G  cold-cathode  gaseous  rectifier 
F.g.  2-Clo»e.up  showing  two  recording  sufficiently  to  insure  proper  opera- 

lamboys  and  .tyli  in  ioregro^d  and  mag-  capacitor  removes  objection- 

neucally  operated  time-marking  stylus  at  j  2.5,000 

rear.  Special  adjustable  clomps  at  left  resistor  isolates  the  timing  stylus, 

permit  unused  styli  to  be  raised  from 
paper 

Operation 

The  writing  levers  may  be  moved  in 
inches  per  minute.  The  recording  line  a  variety  of  ways.  In  the  machine  de- 
is  made  by  passage  of  approximately  scribed  they  are  attached  to  rubber- 
200  volts  d.c.  from  the  point  of  the  dam  tambours  which  register  changes 
recording  stylus  through  the  paper  to  in  air  pressure  within  a  closed  system, 
the  grounded  conducting  plate  beneath.  Rubber  tubes  connect  the  tambours  to 
The  stylus  is  a  small  lever  to  which  a  pneumographs  (flexible  rubber  tubes 


Fig.  1 — View  of  electro-kymograph  with  cover  removed.  Direct  current  is 
passed  through  sensitized  paper  between  the  points  of  the  styli  and  the 
grounded  metal  plate  over  which  the  paper  slides.  Other  gears  are  readily 
substituted  for  those  appearing  at  the  right  to  change  paper  speed 
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Thyratron  Tube 


Phase 

Control 


A-c  Filament 
Supply 


Thyratron  Tube 


I  D*c  Load 


From  this  circuit  can  be  built  devices  Fundamentally  the  same, 
but  which  have  myriad  applications  —  such  as  controlling  the 
speed  of  motors,  maintaining  the  proper  speed  relations  between 
two  conveyors,  and  controlling  and  varying  the  intensity  and 
color  of  light. 


The  electronic  circuit  is  entering  more  and  more  into 
industrial  work  as  an  automatic  hand,  an  automatic 
eye,  a  new  means  of  generating  heat — control  methods 
are  being  revolutionized.  Results  are  showing  that 
electronic-tube  control  is  more  accurate,  more  depend¬ 
able,  and  often  less  expensive  than  ordinary  electrical 
or  mechanical  methods.  Electronic  tubes  are  producing 
results  heretofore  unattainable. 

The  thyratron  fits  into  the  electronic  picture  as  the 
industrial  workhorse.  Applications  range  all  the  way 
from  amplifiers  of  minute  currents  passed  by  a  photo¬ 
tube,  to  the  control  of  large  spot  welders.  Thyratrons 
have  inherent  characteristics  that  make  them  ideal  for 
the  task  of  converting  electric  power  from  one  form  to 
another.  In  many  applications  the  thyratron  is  the  power 
teammate  of  the  phototube,  with  the  phototube  giving 
the  orders  in  the  form  of  grid  voltage.  Sensitivity,  quiet¬ 
ness,  high-speed  operation,  durability  as  rapid-duty 
contactors,  and  general  adaptability  to  automatic  oper- 


A  thyratron  is  a  hot- 
cathode,  gas-dis¬ 
charge  tube  in  which 
one  or  more  elec¬ 
trodes  are  employed 
to  control  electro¬ 
statically  the  starting 
of  the  unidirectional 
current  flow. 


ation  give  thyratrons  an  extremely  wide  range  of  use¬ 
fulness. 

General  Electric  offers  you  a  complete  line  of  thy¬ 
ratrons,  as  well  as  of  all  other  classes  of  industrial  tubes. 
We  are  glad  to  give  application  engineering  assistance 
whenever  it  is  requested.  Refer  to  our  nearest  office.  • 
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Address 


lEN  YOU  THINK  OF  AUTOMATIC  CONTROL,  THINK  OF  G-E  THYRATRONS 


] 

No. 

CATHODE  1 

PLATE 

Grid 

Temp  Range  i 

Ship¬ 

Ask  for 

1 

Type  No. 

Price 

of 

Elec¬ 

trodes 

Volts 

Amp 

Peak 

V’olts 

Peak 

Amp 

Avg 

.Amp 

1  Volt- 
jage  for 
;  Start¬ 
ing 

Condensed 
Mercury. 
(Centigrade)  ] 

ping 
Wt 
in  Lb 

This 

Technical 

Data 

GL-205r 

$2.50 

“  4 

6^3 

700 

0.375 

o.oTs' 

Neg 

1 

3~ 

GET-984 

GL-2050 

3.00 

4 

6.3  1 

0.6 

1300 

0.5(X) 

0.1  (X) 

Neg 

1 

3 

GET-984 

FG-178-A 

14.00 

3 

2.5  ' 

2.25 

500 

0..5(X) 

0.125 

i  Neg 

-20  -  +.50* 

.1 

GET-618 

FG-81-A 

11.00 

3 

2.5 

5.0 

500 

2.0 

0.5 

Neg 

-20— +50* 

3 

GET-465 

FG-98-A 

IS-.'jO 

4 

2.5  ' 

5.0 

500 

2.0 

0.5 

'  Neg 

-20  -  +.50* 

3 

GET- 743 

FG-97 

15..50 

4 

2.5 

5.0 

1000 

2.0 

0.5 

:  Var 

40-80 

3 

GET-743 

FG-17 

9.50 

3 

2.5 

5.0 

25(X) 

2.0 

0.5 

Neg 

40  -80 

3 

GET-428 

FG-154 

23.00 

4 

5.0  ; 

7.0 

5(M) 

10.0 

2.5 

Neg 

-20—  +.50* 

6 

GET-743 

FG-27-A 

17.00 

.3 

5.0  ! 

4.5 

KKX) 

10.0 

2.5 

Neg 

4<V  80 

6 

GET-428 

FG-33 

16.25 

3 

5.0 

4.5 

UXK) 

15.0 

2.5 

Pos 

35— .80 

6 

GET-435 

FG-57 

15.00 

3 

5.0 

4.5 

lOlK) 

15.0 

2.5 

Neg 

40—80 

6 

GET- 128 

FG-67 

15.75 

3 

5.0 

4.5 

1000 

1.5.0 

2.5 

Var 

40—80 

6 

GET-43H 

FG-95 

19.00 

4 

1  5.0 
\t5.5 

4.5 

5.0 

1000 

1000 

1 5.0 

40.0 

2.5 

0  5 

Var 

Var 

40—80  1 
40— .80  f 

6 

GET-743 

GL-429 

47.50 

4 

5.0 

10.0 

KXK) 

40.0 

3.0 

Var 

.50—70 

0 

GET-(t62 

FG-105 

38.00 

4 

5.0 

10.0 

1000 

40.0 

6.4 

Var 

40—80 

9 

GET- 743 

FG-172 

35.(K) 

4 

5.0 

10.0 

UXX) 

40.0 

6.4 

Var 

1  40—80 

9 

GET-619 

FG-41 

92.00 

3 

5.0 

20.0 

UXXH) 

75.0 

12.5 

Neg 

1  40—65 

9 

GET-436 

GL-414 

92.00 

4 

5.0 

20.0 

2(XX) 

KXl.O 

12.5 

Neg 

!  40—80 

9 

•  These  tul)es  are  inert-Kas-filled,  and  the  temperature  ratings  arc  expressed  in  terms  of  the 
temperature  ranpe  over  which  the  tubes  will  operate. 

t  These  ratings  apply  only  when  the  tube  is  used  for  ignitor  firing. 


©AS  CONTROLLED  RECTIFIERS, 
to  supply  variable  direct  volt¬ 
age  or  current  from  an  a-c 
source  of  supply.  This  combina¬ 
tion  is  used  to  control  d-c 
motors,  field  excitation  of 
generators,  and  various  electro¬ 
magnetic  devices. 


©AS  INVERTERS,  to  supply 
either  constant  or  variable-fre¬ 
quency  a-c  power  (up  to  a 
limit  of  a  few  hundred  cycles) 
from  a  d-c  supply. 

^ _ 

©AS  FREQUENCY  CHANGERS; 
to  change  a-c  at  one  frequency 
.  to  a-c  at  another  frequency, 
such  as  60  cycles  to  25  cycles, 
or  vice  versa. 


OaS  contactors— a  circuit 
element  that  acts  as  a  contact¬ 
or  is  made  by  connecting  a 
pair  of  tubes  ^'bcxk  to  back^^ 
so  that  in  combination  they 
pass  alternating  current — an 
arrangement  used  in  many 
welding-control  circuits. 


G-E  THYRATRONS  AT  WORK-ONE  APPLICATION  SUGGESTS  ANOTHER 


L  ' 


sijut 


IN  motor  control— th«  new 

Answer  to  the  lons-fell  need  for  e 
•injie,  wide-rense,  stepless  speed 
ccntrol  for  the  operation  of  d>c 
motors  from  a-c  lines. 


IN  LIGHTING  CONTROL  — 
thousands  of  combinations  of  colors 
and  intensities  ate  possible  with 
thyratron  control.  Here  used  in 
Radio  City  Music  Hall. 


IN  WELDING  CONTROL— the 
simplicity,  sensitivity,  and  high¬ 
speed  response  of  thyratron  control 
results  in  fast,  uniform  welds;  main¬ 
tenance  costs  are  cut. 


IN  HEATING  CONTROL— thy- 
ratrons  make  possible  exact,  quick¬ 
acting,  noiseless  temperature  control 
of  furnaces  and  other  electrically 
heated  apparatus 


Use  These  Other  G-E  Products  in  Your  Electronic  Devices 


There’s  a  G-E  Tube  for  Every  Electronic  Device 


\'l^ 


— Quick-sel*ction  Chart  of  G-l  Else- 
tronic  Tubas  for  Industrial  Use 


l^lGHT-SENSmVE  CELLS  FORMEX  MAGNET  WIRE 
Ask  for  GEA-S467C  Ask  for  GES-967S 


SMALL  INSTRUMENTS 
Ask  for  GEA-S64SA 


General  Electric,  Section  162-2 

Schenectady,  N.  Y.  ^  ■ 

Please  send  me . .copies  of  your  quick-selection  chart  con¬ 

taining  condensed  technical  data  and  prices  on  your  complete 
line  of  industrial  electronic  tubes. 


Company 


I 


Fig.  4 — Electro-kymographic  record  of 
breathing 


paper  43  inches  in  width. 

Typical  Uses 

Records  of  breathing  made  by  the 
electro^kymograph  are  shown  in  Fig.  4. 
The  upper  line  is  the  time  line,  indicat¬ 
ing  one  second  intervals.  The  middle 
line  represents  movements  of  the  thorax 
at  the  level  of  the  arm-pits.  The  lower 
line  shows  movements  of  the  abdomen 
at  the  level  of  the  umbilicus.  The  record 
is  read  from  left  to  right.  Downward 
direction  of  the  line  indicates  inspira¬ 
tion.  Drawn  arrows  indicate  the  point 
of  transition  from  speech  breathing  to 
normal  vegetative  breathing.  It  can  be 
seen  from  these  tracings  that  rate, 
amplitude,  direction  and  speed  of  dis¬ 
placement  and  other  factors  of  interest 
to  the  student  of  respiratory  movements 
may  be  easily  determined. 

In  our  uses  of  the  machine  we  have 
not  required  frequencies  of  more  than 
ten  to  fifteen  cycles  per  second.  We 
have  not  tested  the  upper  limit  of  fre¬ 
quencies  which  can  be  recorded  by  this 
means,  but  there  is  reason  to  believe 
that  several  hundred  cycles  per  second 
can  be  recorded  and  read  satisfactorily. 
We  have  made  tracings  in  which  one 
hundred  cycles  per  second  were  readily 
measurable. 

•  •  • 

More  About  Feedback 
Voltmeter 

Answering  questions  about  his  “Sensi¬ 
tive  Feedback  Voltmeter  With  Rugged 
Milliameter  Indicator”  (Electronics, 
April  19^2,  p.  88)  Lawrence  Fleming 
writes:  “A  1  ma  meter  can  be  substi¬ 
tuted  without  making  changes  in  the 
instrument.  The  sensitivity  will  be 
eight  times  greater  but  the  stability  of 
the  zero  reading  will  be  eight  times 
poorer.  Inserting  5,000  to  10,000  ohms 
in  series  with  the  meter  will  bring  both 
factors  back  to  about  what  they  are 
with  the  8  ma  instrument.  Probably  the 
best  thing  to  do  if,a  1  ma  instrument  is 
available  is  to  substitute  a  high  mu 


triode  for  the  6J5  at  V,,  adjust  the  to¬ 
tal  resistance  in  its  cathode  circuit  so 
that  the  tube  draws  about  1  ma  and 
change  R^,  and  P,  so  that  the  static 
potential  of  the  junction  of  if,  and  ifj 
is  the  same  as  that  of  the  cathode  of 

“The  reading  of  the  instrument  is 
proportional  to  the  peak  voltage  of  the 
input,  whatever  the  waveform.” 

•  •  • 

Airport  Control  Console 

Now  IN  ACTIVE  SERVICE  in  the  new  tower 
at  Miami,  Florida’s  36th  Street  airport, 
serving  Pan  American  Airways  and 
Eastern  Air  Lines,  the  traffic  control 
console  pictured  embodies  several  inter¬ 
esting  design  ideas  which  simplify  op¬ 
eration  and  facilitate  maintenance. 

The  console  is  constructed  around  a 
welded  steel  frame.  The  desk  top  is 
made  of  cigarette-proof  plastic.  A  cen¬ 
tral  drawer,  positioned  just  over  the 
operator’s  knees,  provides  convenient 
space  for  charts.  The  lower  edge  of 
the  console  is  protected  by  stainless- 
steel  kick-plates. .  An  electric  clock, 
wind-direction  indicator,  wind-velocity 
indicator  and  a  remote  control  indi¬ 
cating  instrument  may  be  seen  on  the 
middle  sloping  panel,  illuminated  by  a 
fluorescent  fixture  equipped  with  a  vari¬ 
able  aperture  which  also  lights  the  desk 
top. 

Loudspeakers  are  mounted  on  sloping 
panels  to  the  left  and  right  of  the  in- 
.strument  panel.  On  the  sloping  panel  at 
the  right,  within  easy  reach  of  an  op¬ 
erator  seated  at  the  desk,  is  a  row  of 
T-pad  controls  for  adjusting  receiver 
output  levels.  Five  crystal-controlled, 
fixed-frequency  receivers  guard  P.A.A., 
E.A.L.,  itinerant  aircraft,  scheduled 
airline  and  Army  radio  channels.  These 
receivers  are  equipped  with  squelch  cir¬ 
cuits  muting  them  until  a  carrier  is  re¬ 
ceived.  A  sixth  fixed-frequency  re¬ 
ceiver  monitors  the  MM  range  and  re¬ 
ceives  weather  broadcasts.  A  seventh 


receiver  is  tunable  and  is  used  for  con¬ 
tacting  off-frequency  aircraft  and  spe¬ 
cial  flights.  All  of  these  receivers  are 
mounted  on  vertical  panels  forming 
part  of  two  racks  which  may  be  seen 
at  the  left  and  right  of  the  console  be¬ 
tween  the  floor  and  the  desk  top.  The 
racks  are  equipped  with  rollers.  A  pull 
on  the  handles  at  the  bottom  of  each 
rack  rolls  equipment  forward  without 
disturbing  wiring  when  it  is  necessary 
to  replace  tubes  or  make  minor  repairs. 

Fixed  frequency  receivers  are  read¬ 
ily  identified  in  the  photograph  as  they 
are  equipped  with  standard  3J  inch 
high  etched  panels.  The  tunable  re¬ 
ceiver  may  be  seen  at  the  top  of  the 
rack  at  the  right.  Space  is  available  for 
installation  of  three  additional  fixed- 
frequency  receivers,  should  these  later 
prove  necessary.  Two  would  be  mounted 
at  the  bottom  of  the  rack  at  the  right 
and  the  third  at  the  bottom  of  the  rack 
at  the  left.  The  blank  panel  at  the 
top  of  the  rack  at  the  left  is  eventually 
to  be  used  for  mounting  of  telephone 
equipment. 

The  traffic  control  console  was  built 
by  the  Communications  Company,  Inc., 
of  Coral  Gables,  Florida  and  incorpor¬ 
ates  a  number  of  features  suggested  by 
Pan  American  Airways’ Jimmie  Wynne. 
A  100-watt  low  frequency  transmitter 
was  part  of  the  installation. 

•  •  • 


Electronic  Surface  Analyzer 

A  SURFACE  ANALYZER  designed  by  The 
Brush  Development  Ck)mpany  of  Cleve¬ 
land  makes  rapid  and  permanent  rec¬ 
ords  of  minute  irregularities  in  the  im¬ 
mediate  vicinity  of  manually  selec‘«"d 
points  on  finely  finished  surfaces.  The 
record  shows  whether  such  irregu¬ 
larities  are  above  or  below  the  surface 
reference  position  and  how  much.  It 
also  indicates  the  number  of  irregular¬ 
ities  appearing  along  a  relatively  short 
line  passing  through  the  selected  test 


54 


July  J942  — ELECTRONICS 


SUBSIDIARY;  UNITED-CARR  FASTENER  CORP 


CAMBRIDGE,  MASS 


/All  the  painstaking  effort 
of  the  past  quarter  of  a  century  is  culmi¬ 
nated  in  this  supreme  moment  by  depend¬ 
ability —  at  the  "nerve  center".  CINCH  is 
proud,  not  of  one  part,  but  many;  sockets, 
connectors,  terminal  boards,  lugs,  tube 
holders,  etc  All  giving  the  best  that's  in  them 
where  *'it  will  do  the  most  good",  keep¬ 
ing  the  air  arm  always  within  hearing, 
"Keeping  them  flying".  Always  CINCH  has 
worked  to  perfect  its  parts  to  perform 
creditably.  There  is  no  greater  rewo.'d  than 
knowing  where  so  much  depends  on  the 
communicated  signal,  CINCH  has  a  part. 


ELECTRONICS 
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METAL 


ANALYZER 


OiART  SPEED 
ADJUSTMEHT 


point.  Sensitivity  is  such  that  surface 
irregularities  of  less  than  one  micro¬ 
inch  may  be  recorded. 

The  operating  principle  of  the  ana¬ 
lyzer  (see  Fig.  1)  involves  the  automatic 
exploration  or  tracing  of  a  short  line  on 
the  surface  under  test  by  means  of  a 
fine  point,  magnification  of  any  per¬ 
pendicular  motion  of  the  point  with 
respect  to  the  reference  surface  and 
recording  of  this  motion  on  a  moving 
paper  chart.  Three  inter-connected  units 
comprise  the  instrument;  an  analyzer 
head,  an  amplifier  and  an  oscillograph. 

Analyzer  Head 

The  analyzer  head  consists  of  two 
component  parts;  a  driving  unit  and  a 


MAMOAL  VERTICAL  AND 
HORIZONTAL  adjustment 
LIDe  \  vertical  pivot 
tAR  .  n  CAM  /  Pl/'ltllD 


MECHANICAL 

/ADJUSTMENT 

autoaaatk  recipro- 

/CAT INC  MOTION 
'  PIEX-ELBCTRK  PICKUP 
/  ^^TtMULAR  ARM 

/  /  ..-adjustable  shoe 

_ DIAMOND 

I  I  TRACER  PCNNT 


io  CALLITE  ccfiliYiSule^ 


COMEWHERE  IN  ENGLAND"  enemy  bombs  destroyed  a  mobile  X-roy  unit. 

(Hots  off  to  you,  England— in  this  your  finest  hour!)  Amid  the  wreckage, 
searchers  found  this  Mochlett  X-ray  tube  intact.  Shrapnel  pitted  and  scarred, 
the  tube  was  still  in  perfect  operating  condition! 

Contributing  to  this  amazing  stamina  was  the  skill  of  Callite  research 
engineers.  For  many  a  Callite  part  is  used  in  every  Machlett  tube.  Indeed, 
Machlett  confidently  looks  to  Callite  for  the  same  dependability  which  dis¬ 
tinguishes  its  X-ray  tubes  —  under  the  most  trying  circumstances. 

Your  product  may  never  be  called  upon  to  endure  an  air-raid.  But  for 
that  extra  measure  of  stamina  it  takes  to  stand  up  under  extraordinary 
conditions,  you  do  want  the  dependability  Callite  parts  assure.  Callite  is 
your  logical  source  for  many  essential  raw  materials.  There  is  a  large  group 
of  Callite  Tungsten  products,  each  designed  to  do  a  particular  job  better. 

Why  not  consult  us  today.  Send  for  catalog. 

Manufacturers  of  electrical  contacts  of  refractory  and  precious  metals,  bi-metals,  lead-in  wires, 
filaments  and  grids  —  formed  parts  and  raw  materials  for  all  electronic  applications. 


Fig.  1 — Block  diagram  of  luriaco  analyzer 
using  piezoelectric  crystal  pickup  and 
piezoelectric  crystal  oscillograph,  elec¬ 
tronic  calibrating  amplifier 


pickup  unit.  The  drive  unit  contains  a 
110  V,  60  cps  synchronous  a-c  motor 
which  operates  a  cylindrical  cam.  The 
cam  imparts  a  straight-line  recipro¬ 
cating  motion  to  the  pickup  unit  arm, 
0.060-inch  long  in  each  direction.  This 
motion  is  accomplished  at  a  uniform 
velocity  and  one  complete  cycle  requires 
10  seconds.  Three  mechanical  adjust¬ 
ments  are  provided.  The  unit  may  be 
raised  or  lowered  in  a  vertical  plane. 
It  may  be  swung  in  a  horizontal  plane. 
And  the  pickup  arm  may  be  rotated  up 
to  90  degrees  about  its  longitudinal  axis. 
These  adjustments  permit  the  analyzer 
head  to  be  adapted  to  determination  of 
surface  irregularities  in  intricately 
shaped  parts. 

The  pickup  arm  is  pivoted  on  conical 
bearings  located  at  the  drive  unit,  per¬ 
mitting  free  movement  in  a  vertical 
plane.  A  calibrated  four-ply  piezo-elec¬ 
tric  crystal  unit  is  mounted  in  the  other 
end  of  the  arm.  A  diamond  tracer  point 
is  mechanically  linked  to  the  crystal  by 
means  of  a  tubular  lever  arm  and  is 
protected  from  mechanical  damage  by  a 
hardened  steel  finger  which  carries  a 
positioning  shoe.  The  shoe  rides  over  a 
relatively  large  area  of  the  surface  un¬ 
der  test,  establishing  a  reference  level 
for  the  tracer  point  and  supporting  the 
weight  of  the  pickup  arm.  Scratch  vi- 


ri/s^ 


CALLITE  TUNGSTEN 

CORPORATION 

544-39th  STREET  UNION  CITY,  N.  J. 

CABLE:  tCTr  "CALLITES” 

BRANCHES:  CHIC^O  •  CLEVELAND 
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TOMORROW’S  RESISTORS 

The  war  has  not  stopped  IRC  engineer-  can  look  to  IRC  for  continued  leadership, 
ing  and  development  work.  It  has  only  both  in  resistor  development  and  in  the 
intensified  it.  One  exacting  requirement  all-important  “Know-how”  of  resistor 
after  another  has  been  met.  New  require-  application  and  use  under  all  conditions 
ments  will  be  met  as  they  arise.  and  in  all  parts  of  the  world. 

Thus,  just  as  IRC  has  pioneered  the  Tomorrow’s  resistors  are  being  born 

in  today’s  crucible  of  War — and, 
as  in  the  past,  they  will  bear  the 
trademark  “IRC.” 


INTERNATIONAL  RESISTANCE  COMPANY,  403  n.  broad  st.,phila.,  pa. 
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FOR  YOUR  NEW 

RESPDNSIBIllliiS 


lumumu . 


brations  as  low  as  3  cps  may  be  re¬ 
corded. 

The  pickup  and  tracer  point  assem¬ 
bly  furnished  for  the  measurement  of 
surface  irregularities  of  ordinary  pro¬ 
duction  finishes  has  a  sensitivity  of 
0.0012  volts  output  per  micro-inch  of 
vertical  tracer  point  motion.  Spherical 
radius  of  the  tracer  point  is  O.OOioS  inch. 
Frequency  response  of  the  pickup  unit 
is  uniform  within  plus  or  minus  2  per¬ 
cent  between  3  and  800  cps.  (An  addi¬ 
tional  pickup  unit  and  tracer  point  is 
available  for  laboratory  work.  This  as¬ 
sembly  has  a  sensitivity  rating  of 
0.0018  volts  output  per  micro-inch  of 
tracer  point  motion.  Spherical  radius 
of  the  tracer  point  is  0.0001  inch.  Fre¬ 
quency  response  of  the  pickup  unit  is 
unifonn  within  plus  or  minus  2  percent 
from  10  to  800  cps.  Its  use  is  recom¬ 
mended  where  anticipated  scratch 
widths  are  0.001-inch  or  less,  as  in  very 
smooth  surfaces.) 


SPRAGUE  I 


Help  You  Meet  Those 
Impossible"  Specifications 


Sprague  Koolohms'  exclusive  features  enable  them  to  meet  specifications  heretofore 
impossible  —  hove  proved  particularly  helpful  in  meeting  the  exact  demands  made 
of  war  manufacturers.  Setting  new  high  standards  of  performance  under  adverse 
salt  water  immersion  conditions,  Koolohm  resistors  ore  approved  for  much  military 
and  naval  equipment,  for  which  average  resistors  were  inadequate.  Koolohms  ore 
smaller,  sturdier,  better  protected.  Write  for  samples.  See  for  yourself  how  accurate 
are  Koolohms  and  how  long  they  stay  accurate. 

KOOLOHM  Single-Layer  Winding  ill 

Because  Koolohm  wire  is  ceramic  insulated  before  it  is  wound,  each  turn  ■  I  I 
can  be  wound  tightly  against  the  next.  The  insulation  on  the  wire  provides  III 
absolute  protection  against  shorts  and  changed  values.  The  ceramic  insula-  III 
tion  on  Koolohm  wire  has  a  dielectric  strength  of  350  volts  per  mil  at  400°  C.l  K 

KOOLOHM  Progressive  Winding 

Koolohm  ceramic  insulated  wire  can  be  wound  in  high  density  patterned  I  At  ll  ALAlIl 
windings  giving  the  electric  equivalent  of  many  layers  of  winding  without  wlwlulall|le 
high  potential  gradients.  MrmimMnllmiW 

This  permits  much  larger  wire  sizes  with  the  resultant  safety  factor,  and  ulllflyUyi|TAlj 
much  higher  resistance  values  in  small  space.  For  example,  7S00  ohms  of 
2.5  mil  wire,  or  70,000  ohms  of  l.S  mil  wire  in  a  fully  rated  10  watt  resistor 
only  15  32"  x  1-27/32"  long.  [I 


Amplifier 


The  amplifier  is  a  two-stage  device 
equipped  with  a  calibrated  step-type 
attenuator  providing  various  degrees  of 
overall  surface  irregularity  magnifica¬ 
tion  such  as  40,000:1  (see  Fig.  2), 
4,000:1  and  400:1.  A  calibrating  circuit 
is  included  which  supplies  test  voltage 


to 

yncifoiNCHCs 


Section  With  Ceramic  Insulation  Removed 

The  ceramic  insulation  now  used  exclusively  on  Koolohm  wire  is  heat-proof 
—is  actually  applied  to  the  wire  at  1000°  C.  It  is  so  moisture-proof  it  can 
be  boiled  in  water  —  provides  heretofore  impossible  humidity  protection. 

KOOLOHM  Mounting  Features 

Although  the  wire  is  insulated  before  winding,  Koolohms  are  doub/y 
protected.  Most  types  are  encased  in  a  sturdy  outer  ceramic  shell  that  will 
not  peel  or  chip  and  allows  quicker,  easier,  time  and  space  saving  mount¬ 
ing  directly  to  metal  or  grounded  parts  with  complete  resistor  circuit 
insulation. 


Fig.  2 — Graph  showing  surface  irregu¬ 
larities  of  honed  surface.  Vertical  magni¬ 
fication  is  40,000:1.  Each  small  vertical 
square  is  1  mm.  indicating  a  1  micro-inch 
movement  of  the  tracer  point.  Chart  speed 
was  25  mm  per  second,  equivalent  to  80:1 
horizontal  magnification 


KOOLOHM  Non-Inductive  Resistors 

Ceramic  insulated  wire  permits  perfect  interleaved  Ayrton-Perry  windings,  reducing  induct¬ 
ance  to  practically  negligible  values,  even  at  frequencies  of  the  order  of  60  me.  Distributed 
capacitance  is  very  small. 


for  adjusting  the  gain  of  the  amplifier 
to  provide  any  desired  deflection  on  the 
associated  oscillograph  chart.  At  the 
most  sensitive  setting  of  the  amplifier 
the  deflection  on  the  oscillograph  chart 
may  be  as  high  as  1.5  millimeters  per 
micro-inch  of  tracer  point  movement. 

Frequency  response  of  the  amplifier 
is  uniform  within  plus  or  minus  2  per¬ 
cent  from  1  to  500  cps.  Maximum  volt¬ 
age  gain  is  60,000.  Maximum  input 
voltage  is  25  v  peak.  Maximum  output 
voltage  is  700.  Input  impedance  is  10 
megohms  and  output  impedance  100,000 
ohms. 

Oscillograph 

The  oscillograph  is  of  the  direct-ink¬ 
ing  type  with  the  pen  actuated  by  a 
piezo-electric  crystal.  Thermostatic  tem¬ 
perature  control  is  included  to  in¬ 
sure  stable  crystal  performance.  The 
pen  is  designed  for  stiffness  and  low 
mass,  enabling  it  to  respond  to  fluctua¬ 
tions  up  to  60  cps.  A  maximum  deflec- 


SPRAGUE  SPECIALTIES  COMPANY  (Resistor  Div.),  North  Adams,  Mass, 


SEND  TODAY 
FOR  CATALOG! 

Catalog  and  samples 
sent  free  upon  re¬ 
quest. 
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Sensitive  War  Instruments 
Can  Be  Protected  From 
fIBRATION  •  NOISE  •  SHOCK 


WITH  U.S.  ROYAL  RUBBER  MOUNTINGS 


By  protecting  the  delicate  instruments  in  aircraft,  naval  vessels, 
tanks  and  other  vehicles  used  by  the  Armed  Forces,  U.  S.  Royal 

mountings  are  helping  to  maintain  precision  fighting  efficiency.  Your 

Shown  above  are  three  of  the  standard  types  selected  from  the  MechaniVal"R^*ber 

comprehensive  line  of  mountings  developed  by  the  engineering  Goods  Last  Longer 

staff  of  U.  S.  Rubber  during  many  years  of  experience  in  the  This  Free  Booklet, 

^  '  .  r  tj  "First  Aid  to  Industry,” 

aviation,  railway,  automotive  and  marine  helds.  Available  upon 

If  you  are  faced  with  a  problem  of  vibration,  transmitted  noise  Request.  ^ 

or  impact  shock  in  connection  with  products  used  in  the  war 
effort,  our  engineering  staff  will  gladly  consult  with  you  in  the 
selection  of  standard  mountings  or  in  designing  special  mountings. 

''Service  Beyond  Price  and  Specifications^ 


IJNITED  STATES  RUBBER  COMPANY! 

1230  Sixth  Avenue  Rockefeller  Center  •  New  York  In  Canada:  Dominion  Rubber  Co.,  Ltd.,  Toronto,  Ont. 


Resistance  Tuned  Audio  Frequency 
Oscillators  Set  the  Pace! 


tion  of  15  millimeters  or  about  S  inch 
each  side  of  the  zero  axis  is  allowable. 

The  chart  feed  mechanism  is  driven 
by  a  60  cps  synchronous  motor  operating 
a  gear  train.  Chart  speed  may  be  ad¬ 
justed  to  5  mm  per  second  (horizontal 
magnification  16),  25  mm  per  second 
(magnification  80)  or  125  mm  per  sec¬ 
ond  (magnification  400).  For  most  pur¬ 
poses  a  chart  speed  of  25  mm  per  sec¬ 
ond  provides  the  most  readily  inter¬ 
preted  chart. 


Automatic  Air  Raid  Monitor 

The  diagrammed  device,  designed  by 
Lieutenant  Arthur  H.  Vickerson  and 
Sergeant  Robert  L.  Gray,  automatically 
warns  Boston  police  transmitter  op¬ 
erators  when  a  local  broadcast  station 
transmits  a  1000-cycle  air  raid  warn¬ 
ing  tone.  Operated  by  a  receiver  moni- 


(Mput  Output  tran$.  T  (U.T.C.  Full  wave 

tube  (in  receiver)  SI4-XFMP)  t  ec  tax 
^in  receiver)  V  \  mirectifier 
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Logarithmic  scale 
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V^OMPLETELY  STABLE  OSCILLATION 
FREQUENCY  with  an  extremely  low  thermal 
drift  is  provided  by  -hp-  resistance -tuned  audio 
oscillators.  The  thermal  drift  is  not  magnified 
as  is  the  case  with  beat  frequency  oscillators.  A 
balancing  circuit  automatically  selects  the  proper 
operating  point.  The  frequency  is  tuned  over  a 
10  to  1  range  by  means  of  a  variable  condenser. 
Multiplying  factors  are  provided  which  extend 
the  total  range  from  as  low  as  7cps  on  some 
models  to  as  high  as  200kc  on  other  models. 

Basically,  the  resistance -tuned  audio  oscillator 
consists  of  a  stabilized  amplifier  with  regenera¬ 
tion  supplied  through  a  resistance  capacity  net¬ 
work.  The  amplifier  increases  the  effective  Q  of 
the  network  to  provide  excellent  stability. 

Don’t  put  off  writing  for  full  information  about 
this  and  other  equally  important  -hp-  instruments, 
all  developed  to  provide  the  utmost  in  speed  and 
accuracy  for  production  and  laboratory  testing. 


DRswitch 


Automatic  air  raid  monitor.  The 
speaker  is  muted  until  a  1000-cycle 
warning  tone  sustained  for  10 
seconds  or  more  is  received.  An¬ 
nouncements  come  through  after  the 
tone  ceases 


Constant  output 
Low  distortion 


toring  the  broadcast  station,  the  device 
keeps  the  receiver’s  loudspeaker  muted 
during  conventional  programs^  per¬ 
mitting  it  to  operate  only  when  the 
significant  tone  has  been  maintained 
for  10-seconds  or  more.  Once  the  cir¬ 
cuit  is  tripped  by  such  a  warning  sig¬ 
nal  the  loudspeaker  continues  to  func¬ 
tion,  allowing  subsequent  aural  an¬ 
nouncements  to  come  through  until  the. 
device  is  manually  re-set. 

The  circuit  shows  the  device  in  the 
tripped  condition.  To  place  it  in  auto¬ 
matic  service  the  push-button  switch  is 
momentarily  depressed.  Relay  2  is  en¬ 
ergized  by  d.c.  flowing  through  its  coil 
to  grooind,  the  armature  pulling  up  to 
contact  B  and  remaining  in  this  posi¬ 
tion  after  the  push-button  is  released 
due  to  the  circuit  established  in  parallel 
with  the  push-button  through  contact 
A  of  relay  1.  Opening  of  the  circuit 
at  contact  A  of  relay  2  simultaneously 
breaks  current  flowing  through  the  coil 
of  relay  S  and  the  armature  of  relay  3 
moves  to  contact  A,  disconnecting  the 


Chicago  Office 
ALFRED  CROSSLEY 
549  West  Randolph  Street 
Chicajco,  Illinois 


HoUyu’ood^ffi  ce 
N.  B.  NEELY 
5534  Hollywood  Boulevard 
Hollywood.  California 


New  York  Office  ^ 
BRUCE  O.  BURLINGAME 
ASSOCIATES 

69  Murray  St.,  New  York  City,  N.  Y. 


HEWLETT-PACKARD  COMPANY 

BOX  135-C  STATION  A  •  PALO  ALTO,  CALIFORNIA 
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OU  will  find  these  data  most  helpful  in  specifying  the  cor¬ 
rect  steatite  ceramic  insulation  for  your  requirements.  The 
chart  eliminates  guesswork  and  might  save  you  many  hours  or 
days  of  laboratory  tests. 


You  will  also  find  from  this  chart  that  American  Lava  Corpo¬ 
ration  offers  ceramic  insulating  materials  with  the  widest  range 
of  physical  characteristics  available  from  any  single  source. 


If  you  do  not  find  the  exact  combination  of  physical  character¬ 
istics  you  desire,  our  Research  Division  will  be  glad  to  work 
with  you  if  you  will  detail  your  requirements.  The  skill  of  these 
engineers  in  developing  special  products  for  special  purposes 
is  favorably  known  to  leading  designers. 


Available  for  tube  requirements 

TUNGSTEN  LEAD-IN  WIRES 


KTiiiiY  mtmt 

M«tr«ley  tua««t«a 
Contact*,  pvrpoMiT 
(tatisBadI .  ta  radlaca 


METROLOY 

for  long  life 

•  The  importance  of  these 
vital  tungsten  "veins**  to 
electronic  tube  performance 
was  never  more  essential. 
Every  branch  of  our  armed 
force  depends  on  peak  tube 
performance  for  communica¬ 
tion  and  control  applications. 
Electronic  engineers  now  en¬ 
gaged  in  the  Victory  program 
are  assured  of  an  adequate 
supply  of  tungsten  lead-in 
wires  at  METROLOY.  Our 
engineers  will  be  glad  to  con¬ 
tribute  their  help  in  solving 
your  problem  of  availability. 
Metroloy  Company,  Inc.,  60 
East  Alpine  St.,  Newark,  N.  J. 


loudspeaker  and  shunting  the  1000- 
cycle  filter  across  the  input  of  the  re¬ 
ceiver’s  final  audio  stage. 

Incoming  audio  frequencies  other 
than  the  critical  1000-cycle  warning 
tone  are  largely  by-passed  from  the 
grid  of  the  tube  to  ground  as  the  filter 
presents  a  low  impedance  path.  Thus 
there  is  little  audio  output  voltage  ap¬ 
plied  to  the  secondary  of  transformer 
T  when  ordinary  signals  are  received. 
Between  1  and  3  volts  d.c.  develops 
across  the  coil  of  relay  1  when  the  dis¬ 
tant  broadcast  transmitter  is  normally 
modulated  and  this  is  insufficient  to 
cause  relay  1  to  pull  up. 

When  a  1000-cycle  tone  is  received 
the  filter  presents  a  high  impedance  and 
considerable  voltage  develops  across 
the  input  to  the  tube.  D.c.  potential 
across  the  coil  of  relay  1  rises  to  5 
volts  or  more  and  causes  the  relay  to 
pull  up.  Movement  of  the  armature  of 
relay  1  to  contact  B  removes  energizing 
current  from  the  coil  of  relay  2.  Cur¬ 
rent  stored  in  capacitor  C  keeps  relay 
2  pulled  up  for  10-seconds  while  it  leaks 
off  through  resistor  R  and  the  relay  coil 
but  at  the  end  of  that  delay  period  re¬ 
lay  2  drops  out.  Dropping  out  of  relay 
2  energizes  the  coil  of  relay  S.  This 
connects  the  speaker  and  removes  the 
filter  and  the  last  20-secoiids  of  the 
standard  30-second  warning  tone  is 
heard.  When  the  1000-cycle  tone  ceases 
the  armature  of  relay  1  returns  to  con¬ 
tact  A,  restoring  the  alarm  circuit  to 
the  tripped  condition  shown  in  the 
diagram.  This  permits  announcements 
to  come  through  until  the  push-button 
is  again  depressed  for  resumption  of 
automatic  operation. 

The  receiver  may  be  used  as  a  con- 


TUNGSTEN  LEAD  IN  WIRES  •  TUNGSTEN  WELDS  •  tfiNGSTEN  &  MDLYBDENUM  SUPPDRTS 
FDR  ELECTRONIC  APPLICATIDNS  •  TUNGSTEN  CONTACTS  FOR  ELECTRICAL  APPLICATIONS 


ventional  aural  monitor,  without  the 
automatic  muting  feature,  by  placing 
the  alarm  switch  in  the  “off”  position. 
This  energizes  relay  S  and  renders  re¬ 
lays  1  and  2  ino'perative,  holding  the 
speaker  in  the  circuit  with  the  input 
filter  removed. 


•  •  • 


ARMY  EARS— OR  EYES 


Electronic  equipment  which  ihall  be 
nomelets  rolls  oil  the  production 
line  at  a  Western  Electric  plant  in 
Shangri-La 
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..specified  at  the 
conference  table 


I 
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..proved  where 
applications 
serve  on  the 
firing  line! 


The  production  front  is  os  severe  for  machines  and 
equipment  as  a  military  front.  The  offensive  goes  on 
day  and  night;  there  is  no  respite,  no  let  up  —  service 
must  be  continuous. 

These  three  types  of  TURBO  insulation,  each  with  dis¬ 
tinct  advantages  to  meet  specific  problems  are  finding 
wide  acceptance  in  direct  and  indirect  ordnance  re¬ 
quirements: 

FLEXIBLE  VARNISHED  OIL  TUBING — SATURATED  SLEEV¬ 
ING — meeting  the  all-purpose  requirements  of  a  sleeve 
insulation  to  stand  guard  against  breakdown,  moisture 
absorption  —  all  commonly  encountered  acid  and  oil 
influences. 

VARNISHED  GLASS  TUBING  —  for  those  applications 
where  extremely  high  heat  resistance  becomes  the 
above-all  consideration.  °  ' 

EXTRUDED  TUBING — where  extreme  sub-zero  tempera¬ 
ture  resistance  to  any  of  the  effects  of  embrittlement 
becomes  a  prerequisite. 

For  proof  dsk  for  samples  of  each;  also 

for  new  specimen  board  and  list  of  « 

standard  sizes.  There  is  no  obligation. 

WIRE  IDENTIFICATION  MARKERS — Any  size,  any  color, 
any  length  or  any  marking.  Strict  compliance  with 
Army  and  Navy  Air  Corps  specifications. 

WILLIAM  BRAND  &  CO. 

276  FOURTH  AVENUE,  NEW  YORK,  NY  •  325  W  HURON  STREET,  CHICAGO,  III 
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{Continued  from  page  31) 


A  PHENOLIC  MATERIALS  (Continued) 

Indur  Reilly  Tar  &  Chemical 
Corp.,  Indianapolis,  Ind. 

Insurok  Richardson  Co.,  Melrose 
Park,  Ill. 

Makalot  Makalot  Corp.,  Boston, 
Mass. 

Resinox  Monsanto  Chemical  Co.,  E. 
Springfield,  Mass. 

Templus  Bryant  Electric  Co.,  Bridge¬ 
port,  Conn. 

Textolite  General  Electric  Co.,  Pitts¬ 
field,  Mass. 

Michrock  Michigan  Molded  Plastics, 
Inc.,  Dexter,  Mich. 

Neillite  Watertown  Mfg.  Co.,  Wa¬ 
tertown,  Conn. 


B  PHENOLIC  MATERIALS 

Durite  Durite  Plastics,  Phila.,  Pa, 


C  PHENOLIC,  CAST 

Bakelite  Bakelite  Corp.,  N.  Y.  C. 

Catalin  Catalin  Corp.,  N.  Y. 

Gemstone  A.  Knoedler  Co.,  Lancaster, 
Pa. 

Marblette  Marblette  Corp.,  L.  I.  C., 
N.  Y. 

Opalon  Monsanto  Chemical  Co.,  E, 

Springfield,  Mass. 
Prystal  Catalin  Corp.,  N.  Y. 


The  Type  P  Cannon  Fittings 
were  orginally  developed  more  than  twelve 
years  ago  to  meet  the  primary  needs  of  the 
electronic  engineer.  They  have  been  used  ex¬ 
tensively  in  sound  cables  for  portable  record¬ 
ing  channels,  and  in  dynamic  and  ribbon 
microphone  circuits.  They  have  become  stand¬ 
ard  equipment  in  many  broadcasting  studios, 
on  portable  broadcast  equipment  and  remote 
P-A  units. 

The  very  practical  features  and  rugged  con¬ 
struction,  plus  their  compact  design,  have  given 
wide  acceptance  to  Cannon  Type  P  Connectors 
among  the  men  who  use  them. 


D  LAMINATED  MATERIALS 


Aqualite  National  Vulcanized  Fibre 
Co.,  Wilmington,  Del. 

Cellanite  Continental  Diamond  Fibre 
Co.,  Newark,  Del. 

Celeron  Continental  Diamond  Fibre 

Co.,  Newark,  Del. 

Coffite  Formica  Insulation  Co., 

Cincinnati,  Ohio 

Dilecto  Continental  Diamond  Fibre 

Co.,  Newark,  Del. 

Dilectene  Continental  Diamond  Fibre 
Co.,  Newark,  Del. 

Duraloy  Detroit  Paper  Products  Co., 
Detroit,  Mich. 

Formica  Formica  Insulation  Co.. 
Cincinnati,  Ohio 

Insurok  Richardson  Co.,  Melrose 

Park,  Ill. 

Lamicoid  Mica  Insulation  Co.,  N.  Y. 

Lamitex  Franklin  Fibre  -  Lamitex 

Corp.,  Wilmington,  Del. 

Micarta  Westinghouse  Elec.  &  Mfg. 


Panelyte  Panelyte  Corp.,  N.  Y. 

Ohmoid  Wilmington  Fibre  Specialty 
Co.,  Wilmington,  Del. 

Phenolite  National  Vulcanized  Fibre 
Co.,  Wilmington,  Del. 

Spauldite  Spaulding  Fibre  Co.,  Tona- 
wanda,  N.  Y. 

Synthane  Synthane  Corp.,  Oaks, 
Penn. 

Taylor  Taylor  Fibre  Co.,  Norris¬ 
town,  Penn. 

Textolite  General  Electric  Co.,  Pitts¬ 
field,  Mass. 

Ucinite  Ucinite  Co.,  Newtonville, 
Mass. 

Vulcoid  Continental  Diamond  Fibre 
Co.,  Newark,  Del. 

(Continued  on  page  67) 


Excessive  strain  on  contacts  is 
eliminated  by  full-floating 
socket  and  rigid  pin  insert. 


CANNON  ELECTRIC 

DEVELOPMENT  COMPANY 

LOS  ANGELES,  CALIFORNIA 


ELECTRONICS 


(Continued  from  page  64) 


E  UREA 
Bakelite 
Beetle 


Bakelite  Corp.,  N.  Y. 
American  Cyanamid  Co., 
N.  Y. 

Ciba  Corp.,  N.  Y. 

Plaskon  Co.,  Toledo,  Ohio 
Resinous  Products  &  Chem¬ 
icals  Co’.,  Philadelphia, 


Cibanoid 

Pla.skon 

Uformite 


F  CELLULOSE  ACETATE  BUTYRATE 

Tenite  II  Tennessee  Eastman  Corp, 
Kingsport,  Tenn. 


G  POLYSTYRENE 

Bakelite  Bakelite  Corp.,  N.  Y. 

Ix)alin  Catalin  Corn.,  N.  Y. 

Lustron  Monsanto  Chemical  Co.,  E, 

Springfield,  Mass. 

Styron  Dow  Chemical  Co.,  Midland, 


H  CELLULOSE  ACETATE 

Bakelite  Bakelite  Corp.,  N.  Y. 

Cellulate  National  Plastics  Co.,  De¬ 

troit,  Mich. 

Fibesto«  Monsanto  Chemical  Co.,  E. 

Springfield,  Mass. 

Gemloid  Gemloid  Corp.,  N.  Y. 

Lumarith  Celanese  Celluloid  Corp., 

N.  Y. 

Macite  Manufacturers  Chemical 

Corp.,  Jersey  City,  N.  J. 

Nixonite  Nixon  Nitration  Works, 

Nixon.  N.  J. 

Pla.stacele  E.  I.  du  Pont  de  Nemours  & 

Co.,  Arlington,  N.  J. 

Tenite  I  Tennessee  Eastman  Corp., 

Kingspoi't,  Tenn. 


MANUFACTURED  FROM 
STANDARD  PARTS  .  .  . 


I  ACRYLICS 

Crystalite  Rohm  &  Haas,  Philadelphia, 
Pa. 

Lucite  E.  I.  du  Pont  de  Nemours  & 
Co.,  Arlington,  N.  J. 
Plexiglas  Rohm  &  Haas,  Philadelphia. 


Custom  designed  transformers  con  often  be  assembled  from 
standard  parts  found  in  the  large  variety  of  types  and  sizes 
available  to  Chicago  Transformer's  customers. 

Where  entirely  different  designs  ore  necessary,  it's  modern 
and  complete  plant  and  laboratory  facilities  are  equipped 
to  handle  the  most  unusual  assignments. 

Given  the  application,  description  and  the  electrical  results 
desired,  the  Chicago  Transformer  organization  should  best  be 
able  to  solve  your  new  and  difficult  transformer  problems. 

a//  cf 
u/t  la 


I  ETHYL  CELLULOSE 

Ethocel  Dow  Chemical  Co.,  Midland 
Mich. 

Hercules  Hercules  Powder  Co.,  Wil¬ 
mington,  Del. 


K  VINYLS 

Alvar  Shawinigan  Prod.  Corp., 

N.  Y. 

Butacite  E.  I.  du  Pont  de  Nemours  & 

Co.,  Wilmington,  Del. 

Butvar  Shawinigan  Prod.  Corp., 

N.  Y. 

Formvar  Shawinigan  Prod.  Corp., 

N.  Y. 

Gelva  Shawinigan  Prod.  Corp., 

N.  Y. 

Koroseal  B.  F.  Goodrich  Co.,  .-^kron, 

Ohio 

Vinylite  Carbide  &  Carbon  Chemical 

Corp.,  N.  Y. 


L  VINYLIDENE  CHLORIDE 

Saran  Dow  Chemical  Co.,  Midland 
Mich. 


EI.ECTROINICS 


THE  ELECTRON  ART 


made  more  nearly  linear,  except  for 
very  small  light  intensities  (correspond¬ 
ing  to  high  film  densities  or  very  low 
values  of  plate  current)  by  the  modifi¬ 
cation  shown  in  the  center  diagram. 
The  improvements  in  the  lower  diagram 
permit  a  linear  plate  current  response 
for  a  density  range  of  from  0  to  3  when 
the  grid  resistor  is  properly  selected. 
The  use  of  this  grid  resistor  straightens 
the  response  of  the  instrument  at  high 
densities  or  low  values  of  gi'id  current, 
by  providing  a  current  which  opposes 
the  phototube  grid  current.  This  buck¬ 
ing  current  is  of  the  order  of  lO'"  am¬ 
pere  which  is  negligible  compared  with 
the  phototube  current  of  20  microam¬ 
peres  for  measuring  0  density.  How¬ 
ever,  this  current  becomes  an  appreci¬ 
able  portion  of  the  phototube  grid  cur¬ 
rent  for  densities  above  abo'ut  2.5  and 
therefore  may  be  used  to  straighten 
the  response  at  high  densities. 

The  complete  schematic  wiring  dia¬ 
gram  of  the  direct-reading  densitometer 
is  shown  in  Fig.  2.  Although  no  circuit 
constants  are  given,  the  proper  opera- 


Direct  Reading  Densitometer. . 

Ctzthode  Ray  Time  Bases . . 

High  Speed  Oscillography.'. . . 

The  Rheotron . .-. . . . 

Television  in  Notional  Defense 
Metal  Coated  Mica  Condensers 
Solder  Fluxes . 


propriate  meter  in  the  plate  circuit  of 
the  triode.  According  to  the  author  the 
following  relationships  apply: 

1.  Light  on  the  phototube  is  a  linear 
function  of  the  light  transmitted  by  the 
sample  of  film  under  measurement. 

2.  The  phototube  current  is  a  linear 
function  of  the  incident  light. 

3.  The  phototube  current  is  equal  to 
the  grid  current. 

4.  The  grid  potential  is  a  logarithmic 
function  of  the  grid  current.  The  au¬ 
thor  does  not  show  how  this  is  arrived 
at,  although  this  problem  is  analyzed 
by  Tiedman  in  the  March  1941  issue  of 
Electronics,  and  by  J.  Russell,  in  the 
December  1937  issue  of  the  Review  of 
Scietitific  histruments. 

5.  The  plate  current  is  a  linear  func¬ 
tion  of  the  grid  voltage  since  the  tube  is 
operated  as  a  Class  A  amplifier;  it  is 
therefore  a  logarithmic  function  of  the 
phototube  current. 

The  phototube  circuits  of  Fig.  1  op¬ 
erate  in  accordance  with  these  prin¬ 
ciples.  The  top  diagram  produces  an 
approximately  logarithmic  relation  be¬ 
tween  density  of  the  film  and  the  plate 
current,  but  the  relationship  can  be 


One  of  the  most  annoying  (if  not 
difficult)  applications  of  the  use  of 
phototubes  is  in  the  measurement  of 
density  in  photographic  laboratories. 
The  difficulty  arises  from  the  fact  that 
density  (like  the  decibel)  is  a  log¬ 
arithmic  ratio  of  the  quantities  nor¬ 
mally  encountered,  and  for  a  relatively 
small  density  range,  the  ratio  of  light 
intensities  which  must  be  compared 
become  quite  appreciable.  The  diffi¬ 
culty  of  course,  is  that  human  re¬ 
sponses  are,  to  a  first  approximation  at 
least,  a  logarithmic  function  of  the 
stimulus,  whereas  the  response  of 
most  measuring  instruments  is  fre¬ 
quently  linear  and  can  be  made  log¬ 
arithmic  only  with  proper  design  and 
care. 

A  particularly  simple,  and  appar¬ 
ently  effective  method  of  using  a  photo¬ 
tube  to  measure  light  intensities  whose 
ratios  vary  over  a  range  of  1,000  to 
1  (giving  a  range  of  densities  from  0 
to  3)  is  described  by  Monroe  H.  Sweet 
in  the  February  1942  issue  of  the 
Journal  of  the  Society  of  Motion  Pic¬ 
ture  Engineers.  Features  of  this  in¬ 
strument  are  the  freedom  of  fatigue 
since  all  optical  measurements  are  made 
by  means  of  a  phototube  rather  than 
by  means  of  the  human  eye,  the  use  of 
a  logarithmic  amplifier  which,  inci¬ 
dentally  produces  a  linear  density 
scale,  and  the  large  meter  with  direct 
reading  dial  calibrated  directly  in  terms 
of  density  rather  than  in  terms  of  light 
transmission  ratios.  The  instrument  is 
a-c  operated  through  use  of  a  type  80 
i-ectifier,  and  requires  only  one  6F5  tube 
in  addition  to  this  rectifier  (and  its 
regulation  tube)  and  the  929  photo¬ 
tube.  The  cost  of  the  densitometer  is 
relatively  low,  and  tests  indicate  that 
w'hen  properly  constructed  and  cali¬ 
brated,  high  precision  is  attained  over 
a  long  period  of  time. 

The  heart  of  the  densitometer,  and 
the  cause  for  its  success,  is  the  log¬ 
arithmic  amplifier  used  in  conjunction 
with  the  linear  vacuum  type  phototube. 
The  development  of  the  amplifier  cir¬ 
cuit  may  be  seen  from  Fig.  1,  in  which 
the  cathode  of  the  phototube  is  con¬ 
nected  directly  to  the  grid  of  a  triode. 
Light  falling  on  the  phototube  will 
create  grid  current  and  the  potential 
of  the  grid  will  tend  to  become  positive. 
This  gives  rise  to  an  increase  of  plate 
current  which  is  measured  by  the  ap¬ 


Fig.  2 — Working  circuit  of  linear  densitom¬ 
eter  using  phototube  to  measure  light 

tion  of  a  triode  merely  necessitates  that 
suitable  voltages  be  applied  to  its  ele¬ 
ments.  These  are  obtained  fi'om  the 
transformer  and  rectifier-filter  ar¬ 
rangement  which  is  also  provided  with 
a  voltage  regulator  tube.  The  only 
critical  portion  of  the  entire  circuit,  is 
the  appropriate  value  of  the  grid  re¬ 
sistor,  which  is  probably  in  the  neigh¬ 
borhood  of  several  tens  of  megohms  or 
more.  The  correct  value  must  be  de¬ 
termined  either  experimentally,  or 
from  the  tube  design  data  for  low 
values  of  plate  current. 

The  phototube,  grid  resistor  and  tri¬ 
ode,  which  should  have  an  external  cap 
for  the  grid,  are  mounted  in  a  metal 
cylinder  which  serves  as  the  measuring 
arm  of  the  densitometer.  These  three 
units  are  mounted  in  close  proximity 
to  one  another  to  reduce  to  a  minimum 
the  possibility  of  leakage.  Although  no 
mention  is  made  of  the  difficulties  of 
measuring  small  phototube  currents,  the 
usual  precautions  against  leakage  and 
the  accumulation  of  dust  or  moisture 
on  circuit  parts  connected  to  the  grid 
circuit  should  be  taken  if  trouble  is  to 
be  kept  to  a  satisfactory  minimum. 

Reproducibility,  stability,  drift,  and 
other  factors  are  shown  by  the  author 
to  have  a  negligible  influence  on  the 
accuracy  cf  the  instrument,  and  the  in- 
Fig.  1 — Three  circuits  providing  more  or  strument  of  this  design  has  been  used 
less  logarithmic  response  to  light.  By  in  commercial  testing  of  films  for  sev- 
adiustment  of  Rj,  logarithmic  response  eral  months  at  the  Agfa  Ansco  Re- 
over  ratio  of  1000  to  1  is  obtainable  search  Laboratory  in  Binghamton,  N.  Y. 
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RESISTORS 


wuA  ©  H  D  X 


Engineered  for  Exacting  El 


X-Ray  Photo  Showi  Evenness  of  Winding 


Wide  Range  of  Typei 
for  £(/ri  \eed 


The  cut-away  view  shows  several  of  the  outstanding  features 
of  one  of  the  most  widely  used  Ohmite  Resistors. 


1.  The  resistance  wire  is  wound  on  a  ceramic  core.  Ohmite  Vitreous 
Enamel  holds  the  wire  rigidly  in  place — insulates  and  protects  the 
winding— dissipates  heat  rapidly — withstands  humidity. 

2.  The  evenness  of  the  winding,  shown  in  the  x-ray  photo,  prevents  "hot 
spots"  and  failures — and  makes  for  long,  reliable  service  on  the  job. 

3.  The  resistance  wire  is  both  mechanically  locked  and  brazed  to  copper 
terminal  lugs,  assuring  perfect  electrical  connection  between  lugs  and 
wire.  The  lugs  are  tin-dipped  for  ease  in  soldering  the  connecting 
wires.  * 


4.  The  mounting  brackets  hold  the  resistor  firmly  yet  resiliently  in  place. 
They  are  easy  to  mount — easy  to  remove. 


More  than  sixty  different  core  sizes  make  possible  an  almost  endless 
variety  of  regular  or  special  resistors  to  meet  every  need.  Core  sizes 
range  from  2V4"  diameter  by  20"  long  to  5/l6"  diameter  by  1"  long.  >X'att- 
ages  range  from  1  to  1500  watts — Resistances,  from  a  fraction  of  an  ohm 
to  250,000  ohms.  Available  in  fixed,  adjustable,  wire  or  flexible  lead, 
tapped,  ferrule,  Edison  base,  bracket,  cartridge,  strip,  precision,  non- 
inductive  and  other  types.  Ohmite  Engineers  are  glad  to  help  you  on  any 
resistor  problems  in  connection  with  Governmental  or  Industrial 
requirements. 


Send  for  Catolog  and  Engineering  Manual  No.  40 

Write  on  company  letterhead  for  complete,  helpful  96- 
page  guide  in  the  selection  and  application  of  Ohmite 
Resistors,  Rheostats,  Tap  Su  itclvs,  Chokes  and  Atten¬ 
uators 


OHMITE  MANUFACTURING  COMPANY 
4816  Flournoy  Street  ★  Chicago,  U.  S.  A. 


Used  in  the  Armed  Force  f 
and  in  Industry 
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TRANSFORMERS  FOR  ALL  PURPOSES 


Time  Bases 

Much  has  been  done  in  the  design  of 
time  base  generators  for  use  with  cath¬ 
ode-ray  tubes  since  the  early  days  of  the 
Abraham  and  Block’s  multivibrator. 
O.  S.  Puckle  surveys  this  field  in  an 
article  in  the  December,  1941  journal  of 
The  Institution  of  Electrical  Engineers 
(British  publication).  The  article  is 
called  “Time  Bases.” 

Of  the  many  time  base  generators, 
certain  ones  have  unusual  possibilities. 
Of  these  is  one  developed  by  the  author 
and  shown  in  Fig.  1.  This  generator  is 


meet  litm  taitk  | 

^  "Engineered-to-Fit"  ^ 

TRANSFORMERS 


Tell  us  whaf  you  want  the  transformer  to  do — 
we'll  produce  the  transformer  that  will  do  it! 


20  years  of  engineering  and  building  spe¬ 
cial  transformers  has  given  us  an  intimate 
knowledge  of  the  "do's  and  don'ts"  of  every 
service  for  which  transformers  are  used. 


And  it  has  also  made  available  a  wide 
selection  of  standardized  component  parts. 
These  two  facts  assure  you  of  a  quick,  depend¬ 
able  and  low  cost  meeting  of  your  specific 
transformer  requirements  at  NEWARK. 


-Puckle's  time  base  circuit 


capable  of  generating  a  saw-toothed 
wave  at  frequencies  up  to  one  mega¬ 
cycle.  In  this  circuit,  condenser  C,  in¬ 
creases  its  charge  until  its  potential  is 
great  enough  to  allow  plate  current  to 
flow  in  triode  V,.  The  voltage  drop  now 
developed  across  the  small  variable 
trigger  resistance  R.,  is  impressed  on 
the  suppressor  grid  of  V*  which  has  its 
anode  directly  coupled  back  to  the  grid 
of  Vj.  In  this  way,  the  two  tubes  re¬ 


fer  Control  of 
Motor  Speed 


Check  with  us  on  fhe  transformers  you  need. 
Of  course,  priorities  are  called  for  today.  If 
you  have  them,  we  can  deliver — promptly. 


for  Welding  and 
Brating  Control 


A  imall  Welding 
or  Brating 
T  romformer 


A  furnace 
Transformer 


Fiq.  2 — Fleming-Willioms  time  base 
circuit 


Also  standard  Dry  Type  and  Oil  Cooled  Distribution 
Transformers— details  in  Bulletins  A-IO  and  D-ll  respec¬ 
tively.  Copies  on  request. 


Anode  vo/fs  excursion  of  VI 

— r— r - 1 - 1 - H-t' 


\  Norma! 

\  current 
’■  'i  excursion 


TRANSFORMER  CO. 

15  Frelinghuysen  Ave.  NEWARK,  N.  J 


Resulfant  current  after  J 

/ineariiafion  characteristic  of  valve'VI 


Fig.  3 — Bedford's  circuit  for  linear  time 
base 
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in  assistiiiiJ  Army  and  Navy  experts.  It  ia  Reared  lor  masa 
production  witK  laboratory  precision,  tkus  speedin)^  our 
war  effort  by  minimum  waste  of  time  and  materials. 

And  so  once  more  we  find  ourselves  workinij  behind 
forbidding  barriers,  surrounded  by  alert  guards,  tbinbin^ 
wholly  in  terms  of  all-out  effort  for  victory.  This  does  not 
mean  that  our  peacetime  customers  have  been  forgotten. 
1  o  the  contrary,  we  feel  that  in  ^ivin^  everything  we 
have  to  the  largest  job  in  American  history,  we  can  best 
earn  the  ri^bt  to  be  remembered  when  peace  is  won. 


These  are  times  when  everyone’s  highest  privilege  is  t«i 
serve  in  every  way  be  can.  It  is  not  pleasant  to  turn 
one's  back  on  old  friends,  but  this  is  not  tke  day  for 
ba  If  effort  or  equivocation. 

We  count  ourselves  fortunate  that  we  have  a  substan¬ 
tial  contribution  to  make.  Connecticut’s  skill  in  precision 
electrical  cn^^ineerin^  and  manufacturing  has  been  devel¬ 
oped  since  tb  e  early  days  of  the  telephone.  Its  experience 
in  the  manufacture  of  military  materiel  extends  back 
tb  rou  ^b  the  first  World  W  ar.  Its  en^jineers  are  seasoned 


f 


produce  the  threshold  effect  of  a  gas 
triode  but  haven’t  any  of  its  disadvan¬ 
tages.  The  amplitude  of  the  sweep  cir¬ 
cuit  voltage  is  controlled  by  the  variable 
resistor  i?,.  It  is  of  interest  to  note  that 
approximately  square  waveform  volt¬ 
age  pulses  can  be  obtained  from  the 
drops  across  R,  and  R^.  A  single  tube 
time  base  circuit  developed  by  Fleming- 
Williams  is  shown  in  Fig.  2. 

The  Bedford  circuit,  shown  in  Fig. 
3,  is  one  of  the  many  circuits  developed 
for  improving  the  linearity  of  the  saw¬ 
toothed  time  base  wave.  This  circuit 
requires  the  use  of  the  potentiometer 
R^  which  must  be  adjusted  for  best  op¬ 
eration  of  the  generator.  Another  lin¬ 
ear  time  base  generator  is  that  of  the 
Jenkin’s  circuit  -shown  in  Fig.  4.  This 


Fig.  4 — Jenkin'i  method  of  linearization 


this  war  can't  be  won  without 


ir  You  neod  Contactors  to  start  the  motor  ...  Solenoids 
to  fire  the  guns  ...  Relays  to  control  the  radio — flood¬ 
lights— landing  gears — bomb  releases— navigation  aids 
— turrets ...  government  approved  Relays  by  Guardian. 


Fig.  5 — Circular  time  base  using  a  tuned 
circuit 


circuit  requires  a  square  wave  im¬ 
pressed  voltage  and  the  correct  setting 
of  resistance  R.  The  condenser  C,  must 
have  sufficient  capacity  to  hold  the 
voltage  across  it  constant.  Time  base 
condenser  C,  is  charged  and  discharged 
as  the  grid  potential  is  decrea.«ed  and 
increased  respectively. 

A  circular  time  base  has  many  uses, 
in  particular  when  the  potential  to  be 
examined  is  connected  in  series  with  the 
d.c.  potential  to  the  final  anode  of  the 
cathode-ray  oscillograph.  A  useful  cir¬ 
cuit  for  generating  a  circular  time  base 
w’hen  the  source  voltage  is  impure  is 
shown  in  Fig.  5.  The  parallel  coil  con¬ 
denser  combination  is  first  set  for  reson- 


We  are  building  to  kill  as  we  must  and  will ...  the  fin¬ 
est  electrical  controls  we’ve  ever  designed  ...  more 
control  in  less  space  ...  more  room  for  guns  and  bombs. 
And,  for  control  “know  how’’— Guardian  Electric. 


★  TURRET  CONTROLS 


★  AIRCRAFT  CONTROLS 


★  SOLENOID  CONTACTORS 


P.  S.  Samples  only  available  now  for  that  "afler  it’s  over  product. 
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Gruelling  tests  make  certain  of  performance 
capabilities.  This  test  places  an  RF  potential  of 
20,000  volts  across  the  contacts  spaced  at  only 
.01^"  from  the  grounded  pole  piece.  Close-up 
shows  corona  which  occurs  externally  when  ex¬ 
treme  voltage  is  applied  although  no  arc -over 
is  experienced  on  internal  contacts. 


Illustration  shows  typical  application 
of  electromagnet  actuating  coil  to 
Vacuum  Relay.  In  certain  installa¬ 
tions  outside  flash -overs  are  elimi¬ 
nated  by  use  of  ball  type  connectors. 


Solves  a  Tough 
Electrical  Problem 


Handling  20,000  volts  RF  potential  with  this  Eimac  vacuum 
relay  is  as  easy  as  turning  on  your  living  room  lights. 

Over  two  years  ago  Eimac  engineers  developed  this  strange  looking 
vacuum  tube  which  has  been  seeing  service  ever  since.  It  is  a  single  pole 
double  throw  relay  used  for  many  high  voltage  switching  applications. 
Although  the  contact  spacing  is  only  .015",  no  arc-over  is  experienced 
inside  the  tube.  Changes  in  air  pressure  and  humidity,  such  as  encoun¬ 
tered  in  aviation,  have  no  effect  on  the  breakdown  within  the  relay,  be¬ 
cause  the  contacts  are  in  vacuum.  Actually  a  flash-over  will  occur  across 
the  outside  terminals  before  breaking  down  within.  A  tribute  to  the  high 
degree  of  vacuum  attained  on  Eimac  pumps. 

This  development  is  a  direct  outcome  of  the  far-reaching  advance¬ 
ments  made  possible  through  the  Eimac  technique  of  vacuum  tube  con¬ 
struction.  A  typical  example  of  why  Eimac  transmitting  tubes  are  first 
choice  of  leading  engineers  throughout  the  world. 


Manufactured  by 

EITEL-McCULLOUGH,  INC. 

San  Bruno,  California,  U.  S.  A. 

Export  Agents :  FRAZAR  &  CO.,  LTD.,  301  Clay  St.,  San  Francisco,  California,  U.  S.  a7 


Follow  the  leaders  to  Eimac  Tubes 


THE  ONLY  GUARANTEE  OF  ITS  KIND 
IN  THE  ENTIRE  INDUSTRY!  .  ^ 


''No1|pter  blanks 
were  ^er  made" 

•  say  major  studio 
engineers  from 
coast-to-coast 


yy/rp  . 
screen 


ance  and  then  C'  is  adjusted  until  a 
circular  pattern  appears  on  the  screen. 
A  more  involved  circular  time  base  gen¬ 
erator  is  shown  in  Fig.  6.  Here  the 
potential  to  be  examined  is  connected 
to  the  grids  of  the  four  tubes. 

Mr.  Puckle’s  I.E.E.  paper  deals  with 
the  development  of  various  types  of 
time  bases  using  both  hard  and  soft 
tubes,  for  both  general  and  specific  ap¬ 
plications.  The  purpose  of  the  paper  is 
to  elucidate  the  principles  involved  in  a 
wide  variety  of  known  time  base  cir¬ 
cuits  rather  than  attempt  to  deal  with 
descriptions  of  actual  instruments.  As 
a  general  survey  article,  this  is  quite 
a  complete  and  comprehensive  paper 
and  contains  a  bibliography  of  twenty- 
two  articles,  mostly  European. 
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High  Speed  Oscillography 

A  SHORTAGE  OF  electronic  apparatus 
for  research  in  private  industry  exists 
because  of  the  present  war  needs.  This 
can  be  overcome  to  some  extent  by  re¬ 
designing  outmoded  equipment  to  con¬ 
form  to  modern  specifications.  A  re¬ 
design  of  an  early  model  General  Elec¬ 
tric  cathode-ray  oscillograph  of  the 
cold-cathode  type  is  described  in  a  paper 
entitled  “Developments  in  High  Speed 
Oscillography.”  The  article  was  written 
by  J.  M.  Bryant  and  M.  Newman  and 
appears  in  the  Engineering  Experi¬ 
mental  Station  Technical  Paper  No.  i!7 
published  by  the  University  of  Minne¬ 
sota. 

In  redesigning  this  equipment,  the 
following  are  some  of  the  more  impor¬ 
tant  changes  and  additions:  A  new 
cathode-tube  with  a  removable  cathode 
assembly  to  permit  polishing  and  re- 


GOULD-MOODY 

“BLACK  SEAL' 

GLASS  BASE 
INSTANTANEOUS 


•  A  thin,  flexible  glass  base  disc 

•  A  medium  weight  glass  base  disc 

•  Both  with  two  or  four  holes 


•  All  glass  throughout ...  no  fibre 
or  foreign  material  inserts 

•  No  metal  gromets  to  "wow”  or 
rumble 


•  Holes  precision  machined  in  the 


•  Priced  at  less  than  other  fine 
brands 


•  Immediate  delivery  anywhere  in 
U.S.A. 


Fig.  1. — Connections  for  additional 
accelerating  potential  ior  high  speed 
oscillograms 


•  Old  aluminum  blanks  can  be 
recoated  with  "Black  Seal”  form¬ 
ula  in  24  hours — same  "no  sat- 
isfy-no  pay”  guarantee 


pairing;  a  differential  vacuum  system 
which  permits  a  higher  vacuum  in  the 
discharge  tube  than  in  the  deflection 
and  recording  chambers;  a  larger  de¬ 
flection  tube ;  a  removable  deflection  and 
sweep  circuit  assembly;  the  use  of  both 
a  focusing  and  refocusing  coil;  an  ad¬ 
dition  of  an  outside  camera  mounted  so 
as  to  take  pictures  of  phenomena  de¬ 
picted  on  the  fluorescent  screen;  and 
faster  sweep  and  time  calibration  cir¬ 
cuits. 

These  features  plus  an  additional  ac¬ 
celerating  potential  between  the  anode 
and  the  fluorescent  plate  as  shown  in 
Fig.  1  have  increased  the  writing  speed 
to  one-fifth  of  that  of  light.  It  is  pos¬ 
sible  to  take  oscillograms  for  a  time  in¬ 
terval  of  less  than  one  microsecond. 


All  accounts  serviced  with  styl!  and  ship¬ 
ping  cartons  at  actual  cost.  10",  12"  and 
16"  sizes,  with  2  or  4  holes.  For  transcrip¬ 
tions,  professional  recordings  and  libraries, 
Gould-Moody  "Black  Seal"  Glass  Base 
Instantaneous  Recording  Blanks  "Speak 
for  themselves". 
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ANE\^'  chapter  in  aviation  history  was  written 
with  the  launching  of  the  EXCALIBUR,  first  of 
the  Flying  Aces  built  for  American  Export  Airlines, 
Inc.,  by  the  Vought-Sikorsky  Aircraft  Division  of 
United  Aircraft  Corporation. 

Longest-range  commercial  aircraft  ever  built,  the 
EXCALIBUR  and  its  sister  ships  will  soon  be  span¬ 
ning  the  ocean  in  a  new  service,  linking  New  York 
and  Eire  in  non-stop  flight. 

Since  highest  efficiency  and  complete  dependabil¬ 
ity  of  communications  equipment  are  vitally  impor¬ 
tant  in  the  operation  of  these  giant  flying  boats, 
Isolantite^  insulation  was  selected  for  a  number  of 
essential  applications.  Isolantite’s  unique  combina¬ 


tion  of  properties  — high  strength,  dimensional  accu¬ 
racy,  electrical  efficiency,  non-absorption  of  moisture 
—  has  established  this  unusual  ceramic  as  the  choice 
of  leading  manufacturers  of  sets  and  component 
parts,  for  aircraft  applications  and  for  every  other 
branch  of  the  communications  industry. 


ISOLANTITE 


CERAMIC  INSULATORS 

ISOLANTITE  INC.,  BELLEVILLE,  N  E  JERSEY 
* Regntrred  trade-name  for  the  products  of  Itolantite  Inc. 
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Dependable  Under  Any  Test! 


Careful  machining  and  pre-testing 
under  actual  operating  conditions 
insure  uniform  strength  and  effi 
ciency.  Specify  Stackpole  Switches 
on  your  next  job  .  .  .  there’s  a 
type  for  every  small  circuit  design, 
available  in  single-pole,  single 
throw  to  four-pole,  double-throw 
and  all  in  between  combinations. 
Each  step  of  construction  is 
checked  lOOVf  to  provide  the  top 
performance  you  must  have  today. 


The  right  design  and  the  right 
construction,  are  combined  to  pro¬ 
vide  a  wide  range  of  Resistors  for 
every  type  volume,  tone  and  sen¬ 
sitivity  control.  Every  Stackpole 
Resistor  is  highly  insulated  by  spe¬ 
cial  processes  which  assure  pro¬ 
tection  against  moisture  and 
weather  conditions.  Each  Resistor 
is  pre-tested  from  the  raw  material 
stage  to  the  finished  product  — 
100%  checked  for  noise,  resistance 
and  construction. 


Every  Stackpole  Iron  Core  is  de¬ 
signed  and  tested  to  assure  an 
even  greater  mechanical  strength 
than  will  be  encountered  in  ordi¬ 
nary  operation.  Available  in  a 
wide  variety  of  grades  and  sizes 
for  use  at  any  frequency  up  to 
100  meg.  The  wide  range  of  types 
include  those  with  the  “cup  type’’ 
cores,  with  and  without  adjustable 
centers. 

STACKPOLE  PRODUCTS  SOLD 
TO  MANUFACTURERS  ONLY 
Write  at  once  for  Samples 
and  Prices 


luctance  A 

TACKPOLE  CARBON  CO 


Rheotroii  or  Iiidiietioii 
Accelerator 

In  FEBRUARY  ELECTRONICS  was  pub¬ 
lished  a  brief  description  of  a  new  elec¬ 
tronic  tool  originally  developed  by  Dr. 
Donald  W.  Kerst  at  the  University 
of  Illinois  and  later  further  developed 
at  the  General  Electric  Research 
Laboratories.  Further  data  on  the  de¬ 
vice,  which  speeds  electrons  just  as  the 
cyclotron  speeds  positive  particles,  were 
published  in  the  Physical  Review,  60  47, 
1941  and  69,  53,  1941.  The  following 
material  is  taken  from  the  Journal  of 
Applied  Physics,  January  1942,  page 
14.  Dr.  Kerst,  incidentally,  does  not 
wish  his  electron  accelerator  to  be 
known  by  the  term  “rheotron”  but  ra¬ 
ther  as  a  “betatron’’.  At  the  University 
of  Illinois,  he  states  “an  energetic  group 
of  graduate  students  is  proceeding  ex¬ 
periments  in  nuclear  physics’’  by  means 
of  the  betatron  installed  in  the  new 
power  plant  there. 

“A  glass  tube  perhaps  5  cm  aci’oss, 
in  the  shape  of  a  ring  about  20  cm  in 
diameter  (i.e.,  shaped  like  an  .\merijan 
doughnut)  surrounds  the  closely  space<l 
pole  pieces  of  a  laminated  magnet  ex¬ 
cited  by  a  600-cycle  current.  Electrons, 
liberated  from  a  filament  near  the  outer 
wall  of  the  evacuated  tube  aie  acceler¬ 
ated  in  gradually  contracting  orbits 
to  a  circle  of  predetermined  radius 
within  the  tube  until  they  strike  a  tar¬ 
get.  The  magnetic  field  between  the 
magnet  poles  is  not  meant,  at  any  in¬ 
stant,  to  be  uniform.  It  must  vary 
radially  in  such  a  way  that  electrons 
which  happen  to  be  circling  a  little  too 
far  out  or  a  little  too  far  in  are  brought 
quickly  back  to  the  proper  orbit.  To 
find  out  how  the  ring  of  moring  elec- 
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trons  is  finally  made  to  deviate  enough 
from  its  circular  path  to  strike  a  tar¬ 
get,  the  reader  must  turn  to  the  original 
paper.  We  can  merely  indicate  that  ic 
is  accomplished  by  having  certain  part, 
of  the  poles  reach  saturation  before- 
others.  The  design  of  the  magnet  con¬ 
trols  the  success  or  failure  of  the  in¬ 
strument. 

During  each  revolution  the  electrons 
are  accelerated  by  an  amount  equal  to 
the  instantaneous  emf  which  would  In- 
induced  in  a  wire  placed  at  the  position 
of  the  orbit.  The  acceleration  is  com¬ 
pleted  during  the  first  quarter-cycle, 
while  the  field  is  increasing,  but  the 
electron  speeds  are  so  high  that  per¬ 
haps  100,000  revolutions  are  possible 
in  this  time,  before  the  electrons  strike 
the  target.  During  the  third  quarter- 
cycle,  acceleration  of  the  electrons  pro¬ 
ceeds  in  the  reverse  direction,  so  that 
the  target,  bombarded  from  both  sides, 
will  emit  x-rays  intermittently  1200 
times  per  second,  but  with  a  marked 
spatial  asymmetry.  Currents  to  the 
target  in  the  Illinois  instrument  are 
about  one-thirtieth  microampere  at  2.3 
Mev  (million  electron  volts).  The  in¬ 
duction  accelerator  is  a  promising 
source  of  high  enei’gy  photons;  and 
when  some  mechanical  difficulties  have 
been  overcome,  the  electron  beam  will 
be  brought  out  of  the  accelerating 
chamber  to  provide  a  strong  source  of 
electrons  for  nuclear  investigations, 
and  it  may  soon  be  possible  to  dupli¬ 
cate  some  low  energy  cosmic-ray  phe¬ 
nomena  under  controlled  conditioins  in 
the  laboratox-y.” 


RADIO  DIRECTS  RAIL 
TRAFFIC  AT  ARMS  PLANT 


Low  pass,  high  pass,  band  pass  or  band  rejection  types  of  the 
size,  weight  and  characteristics  to  serve  your  purpose.  Discuss 
your  filter  problem  with  experienced  Thordarson  engineers. 


ELECTRIC  MEG.  COMPANY 

•>00  WEST  HURON  STREET  CHICAGO  III 


ABOVE  Band  rejection  filter 


C.  K.  Tummel  is  shown  using  one  of  the 
FM  radio  telephones  that  have  been  in¬ 
stalled  in  the  eight  locomotiyes  of  the 
Elwood  Ordnance  Plant's  private  railroad 
system.  By  means  of  radio  the  locomo¬ 
tives  are  kept  in  constant  communication 
with  the  dispatcher's  tower,  increosing 
efficiency  and  reducing  the  possibility  of 
Occidents 
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AGAINST  THE  BACKGROUND  OF  EXPERIENCE 


Against  the  background  of  millions  of  radios 
built  for  American  homes,  RCA  now  is  build¬ 
ing  radio  apparatus  to  strengthen  the  world¬ 
wide  life-lines  of  American  communications 
ashore,  afloat  and  aloft.  Radio  has  gone  to  war ! 

Almost  the  entire  development  of  radio  as 
we  know  it  took  place  during  the  two  decades 
between  the  last  war  and  this  one.  During  that 
time,  RCA  Laboratories  worked  unceasingly  to 
perfect  existing  devices  and  to  invent  new 
ones.  Out  of  this  research  came  the  finest  /t  ^ 
civilian  radio  equipment  the  world  has 


ever  seen . . .  and  the  finest  military  radio  equip¬ 
ment !  For  the  RCA  Manufacturing  Company 
is  today  on  a  war  footing. 

Some  day,  when  peace  returns,  against  this 
dual  background  of  manufacturing  experience 
in  peace  and  war,  RCA  will  turn  from  military 
to  civilian  radio — and  gear  its  production  to 
build  new  radio  and  television  sets  for  the 
home — post-war  radios  designed  to  • . • 

*  RIIY  « 

incorporate  the  latest  scien-  I 

.  .  I  U  S  WAR  1 

tific  lessons  and  discoveries  I  '  ' 
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Radio  Corporation  of  America 

PIONEER  IN  RADIO,  ELECTRONICS,  TELEVISION 
RCA  Building,  New  York 

The  Services  o/  /?Ci4 :  RCA  Manufacturing  Co.,  Inc.  •  R.C. A.  Communications,  Inc.  •  Radiomarine  Corporation  of  America 
RCA  Laboratories  •  National  Broadcasting  Co.,  Inc.  •  Blue  Network  Co.,  Inc.  •  RCA  Institutes.  Inc. 
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UTAH  RADIO  PRODUCTS  COMPANY 

General  Offices  and  Factory 

837  ORLEANS  STREET  •  CHICAGO,  ILLINOIS 


Television  in  National 
Defense 

Television  has  been  applied  to  the 
successful  training  of  the  200,000  vol¬ 
unteer  workers  in  the  City  of  New 
York.  The  April  1942  Radio  Age  de¬ 
scribes  the  method  of  presentation  in 
an  article  entitled  “Raid  Training  by 
Television.” 

Faced  with  the  necessity  of  training 
an  aimy  of  volunteer  air  raid  wardens, 
the  New’  York  City  Police  Department 
accepted  NBC’s  suggestion  that  they 
utilize  television.  Now  volunteer  war¬ 
dens  in  New  York  City,  New  Jersey, 
Connecticut,  Philadelphia  and  even 
Schenectady  leceive  their  training 
simultaneously  over  t’.ie  air  waves. 

After  a  convincing  test  bi’oadcast, 
officials  accepted  the  offers  of  the  RCA 
Mfg.  Co.,  General  Electric,  and  the 
DuMont  Laboratories  to  deliver,  free 
of  charge,  receiving  sets  from  their 
stock  on  hand.  These  sets  have  been 
installed  in  police  precinct  station 
houses  all  over  New  York  City.  The 
program  originates  over  WNBT, 
NBC’s  pioneer  television  station,  and  is 
received  direct  in  New  York  City,  New 
Jersey  and  Connecticut,  by  relay  broad¬ 
casts  over  WPTZ  in  Philadelphia  and 
over  a  television  transmitter  in  Sche¬ 
nectady,  six  times  daily  on  the  first 
three  days  of  the  week. 

The  course  consists  of  six  lessons,  in¬ 
cluding  a  formal  lecture,  a  staged  per¬ 
formance  of  an  air  raid  warden  prac¬ 
ticing  bis  duties  in  directing  pedes¬ 
trians  to  shelter  and  stopping  traffic 
during  an  imaginary  raid,  and  a  de¬ 
monstration  of  correct  procedure  dur¬ 
ing  a  bombing.  Television  permits 
standardized  training  and  eliminates 
all  chance  of  confusion  from  two  many 
interpretations.  Dramatization  and 
diagrams,  accompanying  the  lectures, 
clarify  all  problems  and  make  more 
definite  impressions.  It  also  results  in 
gieater  economy,  since  only  one  in¬ 
structor  is  needed  for  all. 

Air  raid  warden  courses,  however, 
are  just  the  beginning.  Specialized 
courses  for  fire  watchers,  nurses,  driv¬ 
ers  and  other  defense  workers  will 
follow’. 


U  TAH  - CART  ER^P ARTS 

V  TRANSFORMERS  •  SPEAKERS 
-  ^VIBRATORS' 


UTAH  TRANSFORMERS 


VITREOUS  ENAMELED 
RESISTORS 


Utah  Transformers  are 

a  fully  guaranteed.  They 
have  a  non-corrosive, 
protective  film  of  cellu¬ 
lose  acetate  which  pro¬ 
vides  absolute  insulation 
— prevents  breaking  down 
even  under  extremely  high  humidity 
and  severe  atmospheric  conditions.  The 
high  safety  factor  of  their  insulation 
is  proved  by  the  extra  hours  of  satis- 
factor)-  performance. 

No  matter  what  your  requirements 
are  in  broadcast,  communication,  neon 
or  smaller  capacity  power  transformers, 
Utah  is  ready  to  serve  you.  Write 
for  full  details  on  Utah’s  complete  line 
of  transformers. 


Utah-Carter  Vitreous  Enameled  Resistors 
represent  over  a  decade  of  experience, 
starting  with  the  first  10-  and  20-watt 
types  made  by  the  Carter  Radio  Company, 
and  progressively  improved  by  engineers 
and  technicians  of  the  present  company. 

A  minimum  of  two  separately  fired 
coats  of  Vitreous  Enamel  forms  a  hard, 
glass>’  surface — adhering  permanently  to 
the  porcelain  tube  core,  resistance  wire 
and  terminals.  Resistors  5-  to  200-watts 
are  available  either  as  Fixed — Tapped — or 
Adjustable.  Numerous  styles  of  mounting 
hardware  are  available  to  meet  your  indi¬ 
vidual  requirements. 


UTAH  WIREWOUND 
CONTROLS 


Rheostats,  Potentiometers,  Attenua¬ 
tors.  High  quality  resistant  wire  evenly 
wound  on  a  substantial  core  is  clamped 
tightly  to  the  control  housing,  resulting 
in  a  rugged  and  dependable  variable 
resistor.  Five  sizes — 3,  4,  9,  15  and  25 
watts  are  available  in  the  Rheostats 
and  Potentiometers;  resistant  elements 
can  be  wound  linear  or  to  special 
resistant-curve  tapers. 


PHONE  JACKS  AND  PLUGS 


The  Utah-Carter  "Imp”  Jacks  are  popular  because  they  combine 
compact  size,  highest  quality  and  economical  price;  Unique,  Patented 
design  makes  them  the  smallest  Jack-fitting  standard  Phone  Plugs. 
These  many  features  added  together  have  made  Carter  Imp  Jacks 
famous  Defense  Items. 

Phone  Plugs,  2-  and  3-conductor  types,  designed  to  meet  your 
needs — whether  .it  be  application,  size  or  shape. 

Utah  is  manufacturing  Phone  Jacks  and  Plugs  according  to  Signal 
Corps  and  Navy  Specifications. 


SWISS  ARMY 


UTAH  SPEAKERS 


give  you  the  benefit  of  the  constant  laboratory  testing 
.aid  research  which  result  in  sound  improvement. 


UTAH  VIBRATORS 


are  precision  made  and  delicately  adjusted  for  long 
life,  correct  electrical  balance,  current  output  and 
freedom  from  noise. 


WRITE  FOR  FULL  DETAILS 


Swiss  anti-aircrail  battery  in  action  with 
telephone  operator  receiving  and  for¬ 
warding  orders  and  sound  detectors  in 
operation 
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The  SYMBOL  of  many  outstanding 
engineering  contributions,  over  a 
period  of  many  years,  to  the  cause 
of  better,  more  reliable  capacitors. 

SPRAGUE 

CONDENSERS-KOOLOHM  RESISTORS 

Quality  Component*  •  Expertly  Engineered  •  Competently  Produced 

SPRAGUE  SPECIA'.TIES  COMPANY,  NORTH  ADAMS,  MASS 


! 
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STOPS  BACKGROUND  NOISE 

The  Enemy  of  Sound  Pickup 


Metal-Coaled  Mica  Condensers 

An  interesting  article  on  the  methods 
of  depositing  metallic  films  for  metal- 
coated  mica  condensers  and  their  ca¬ 
pacitance  stabilities  appears  in  the 
Mai’ch,  1942  issue  of  the  British  peri¬ 
odical,  Journal  of  Scientific  Instruments. 
It  is  “Notes  on  the  Preparation  and 
Properties  of  Metal-Coated  Mica  Con- 
densei’s”  by  J.  D.  Craggs. 

The  author  discusses  the  cathode 
sputtering  and  the  condensation  in 
vacuum  methods  of  metallic  film  de¬ 
positing.  He  found  that  mica  condensers 
of  this  type  give  capacitance  stabilities 
of  better  than  one  part  in  a  thousand. 

With  the  increased  demands  on  the 
quality  of  component  paits,  as  a  result 
of  wartime  requirements,  any  means 
to  increase  the  stability  is  worth  tak¬ 
ing.  This  article  is  particularly  inter¬ 
esting  since  certain  phases  of  the 
technique  of  con.struction  is  given  in 
this  article. 


Solder  Fluxes 


Photograph  of  F.  M.  Trans¬ 
mitter  of  Michigan  State  Po¬ 
lice  by  courtesy  of  Motorola 
— Galvin  Mfg.  Corp. 


In  the  .March  1942  pamphlet  of  Tin 
and  its  Uses,  a  review  issued  by  the 
Tin  Research  Institute,  H.  C.  W'atkins 
reports  on  “Improved  Solder  Fluxes” 
as  follows: 

.4  satisfactory  lactic  acid  flux  which 
only  leaves  a  trace  of  residue  after  a 
soldering  operation,  and  is  non-cor¬ 
rosive  on  copper  and  copper  alloys  and 
has  only  a  slight  effect  on  steel  and  tin¬ 
plate  contains: 

Lactic  acid .  15%  (by  volume) 

Gasolene  oil.... 0.2%  ” 

Water .  84.8% 

A  resin  4-  aniline  hydrochloride  flux 
which  may  lie  used  both  in  hand  and 
dip-soldering  operations  and  leaves  no 
corrosion  in  the  soldering  of  copper, 
copper-base  alloys  and  tin  plate  but  is 
not  recommended  for  use  in  sealed  up 
instruments  having  steel  parts  since 
the  residual  chloride  vaporizes  suffi¬ 
ciently  to  produce  a  slight  trace  of  rust 
contains: 

Resin  .  20%  by  weight 

Aniline  hydrochloride.  .1%  ” 

.Methylated  spirit .  79%  ” 

Care  must  be  taken  to  avoid  inhaling 
the  vapor  as  it  is  poisonous. 

.4  non-cori'osive  flux  leaving  a  non- 
greasy  residue  for  use  in  soldering  tin¬ 
plate  contains: 

Resin  .  20%  by  weight 

Lactic  acid .  5% 

Methylated  spirit .  75%  ” 

.4nother  improved  solder  flux  that 
may  be  produced  in  a  syrup  like  form  by 
heating  the  resin  and  mannitol  with 
lactic  acid  dissolved  in  methylated 
spirit  and  allowing  the  product  to  cool 
contains: 

Resin  .  48%  by  weight 

Mannitol  .  12% 

Lactic  acid  .  10% 

Methylated  spirts .  30%  " 


For  clear  crisp  signals,  it's _ F.  M. 

to  cancel  static — and  the  Shure 
Super-Cardioid  to  eliminate  background 
noise.  It’s  the  Uniphase  principle  that  does 
it  in  the  Shure  Super-Cardioid. 


In  the  Uniphase,  sound  acts  upon  the  out¬ 
side  of  the  diaphragm  of  the  microphone 
and  also  enters  the  phase-shifting  acoustic 
network  within  the  microphone,  where  it 
acts  upon  the  inside  of  the  diaphragm.  (See 
drawings.)  When  sound  arrives  from  the 
front  of  the  microphone,  the  inner  pressure 
reinforces  the  outer  pressure  (Figure  1). 
When  sound  arrives  from  the  rear,  the  inner 
pressure  cancels  the  outer  pressure  (Figure 
2).  This  principle  results  in  a  Super-Cardioid 
Microphone  with  a  single  moving  coil.  The 
Super-Cardioid  ps.xx.otTs  is  symmetrical  in  both 
the  horizontal  and  vertical  planes.  It  has  a 
wide-angle  front  pickup  with  l'h%  reduc¬ 
tion  of  reverberation  and  random  noise  and 
is  unusually  rugged. 


figuri  I 

Sounds  entering  from  front. 


FiOURI  3 

Sounds  entering  from  rear. 


These  Uniphase  Microphones  are  speed¬ 
ing  production— giving  better  protection  to 
Ordnance  Plants,.Airdromes,  E>ocks,  Army 
Camps,  War  Plants,  Defense  Control  Cen¬ 
ters,  Police  Transmitters  and  other  vital 
locations.  They  are  the  nerve  centers  direct¬ 
ing  the  actions  of  men  toward  Victory  on 
the  Home  Front. 


Send  for  FREE  Booklet  172M 

It  describes  Super-Cardioid 
performance  and  the 
latest  Shure  Broadcast 
Microphone,  the  Super¬ 
’s  Cardioid. 


Designers  and  Manafacturers  of 
Microphones  and  Acoustic  Devices 

ns  W.  Haron  St.,  Chicago,  llliiioif 


82 


July  /942  — ELECTROMCS 


WESTON  INSTRUMENTS 

Laboratory  Standards  •  Procision  D-C  and  A-C  Portablos  •  0-C,  A-C, 
and  Thormo  Switchboard  and  Panel  Instruments  •  Instrument  Transform¬ 
ers  •  Sensitive  Relays  •  Specialized  Test  Equipment  •  Light  Measure¬ 
ment  and  Control  Devices  •  Exposure  Meters  •  Aircraft  Instruments  • 
Electric  Tachometers  •  Dial  Thermometers 
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Bill  feels  at  home 


IN  THE  COCKPIT! 

Before  joining  up,  Bill  was  a  control  assistant  in  a 
utility.  Keeping  a  watchful  eye  on  the  instrument 
hank  was  one  of  his  chief  duties.  That’s  why  he  feels 
at  home  in  his  new  job.  There  are  so  many  jamiliar 
faces  on  the  cockpit  instrument  panel.  Some  with 
different  scale  calibrations,  of  course.  But  so  many 
bearing  the  name  familiar  to  Bill  since  his  earliest 
electrical  days.  The  same  name  he’s  always  banked 
on  for  measurement  dependability  .  .  .  now’  giving 
him  that  same  feeling  of  measurement  security  when 
he’s  aloft!  Weston  Electrical  Instrument  Corporation, 
618  Frelinghuysen  Avenue.  Newark.  New  Jersey. 

Instruments  for  planes,  ships,  tanks.  gun>.  radio  — a:-  well  as 
for  the  industries  producing  these  and  otlier  implements  for  a 
victorious  war.  This  has  been  Vi  eston's  assignment  from  the 
earliest  days  of  our  defense  effort!  »  »  •  But  despite  the  vast 
increases  in  manufacturing  schedules,  Weston's  design  and 
manufacturing  principles  have  remained  unchanged.  There 
remains  the  same  firm  insistence  on  the  (fiia'itx  standards 
which  are  known  as  essential  for  accurate  and  <lependahle 
behavior  of  instruments  in  service.  »  »  .  Because  so  much,  in 
this  war,  depends  tui  the  movement  of  tiny  instrument  pointers! 


Afym  o  F I  g^.l 


PERIODIC  WAVE 
FORM  ANALYSIS 


{Continued  from  page  48) 


timing  is  then  more  precise.  The  opposed  by  the  battery  bias.  Now  if 
important  point  is  that  the  leading  we  apply  a  signal  of  negative  pulses 
edge  of  the  pulse  (the  left  edge  which  across  the  small  resistor  r,  as  shown, 
cHicurs  earlier  in  time)  should  be  as  we  shall  have  an  increment  of  dis- 
steep  as  possible  where  it  intersects 
the  saw-tooth  trace.  In  the  preced¬ 
ing  figures,  positive  poled  pulses  will 
generally  be  coupled  to  a  grid  to 
effect  synchronization  as  indicated  on 
the  drawings  of  Figs.  8  and  9. 

As  shown  in  Fig.  3  the  current 
through  a  condenser  is  of  impulse 
form  if  the  voltage  across  it  is  a 
saw-tooth.  Hence  a  small  resistor 
in  series  with  the  charging  condenser 
in  any  of  the  relaxation  circuits 
shown  will  be  a  source  of  pulse  volt¬ 
age.  Thus  in  Fig.  11,  two  oscillators 
of  the  form  shown  in  Fig.  4  are  syn¬ 
chronized  by  this  method  so  that 
the  lower  oscillator  operates  at  a  sub¬ 
multiple  of  the  frequency  of  the 
upper  one.  The  illustration  is  for  a 
3:  1  division.  The  time  constant  of 
the  lower  oscillator  will  be  chosen 
so  that  its  natural  periodicity  is 
slightly  lower  than  the  desired  fre¬ 
quency,  whereby  the  upper  oscillator 
may  pull  it  into  sync.  Where  a  large 
ratio  division  of  frequency  is  de¬ 
sired  it  is  preferable  to  divide  in 
steps  of  small  ratio  and  thus  avoid 
errors  due  to  power  supply  fluctua¬ 
tions.  Thus  a  series  of  synchronized 
relaxation  oscillators  known  as  a 
dividing  chain  is  frequently  employed 
in  television;  for  example  in  tele¬ 
vision  transmitters  to  fix  the  rela¬ 
tion  between  the  line  and  field  scan¬ 
ning  frequencies. 

A  related  type  of  synchronizing  is 
employed  in  the  counter  type  of  di¬ 
viding  circuit  of  which  Fig.  12  is  an 
example.  Inspection  will  show  that 
the  circuit  employs  the  elements  of 
Fig.  8  above.  However,  the  RC  cir¬ 
cuit  is  in  the  ground  side  of  the  grid 
circuit  and  R  is  a  diode  which  is 
biased  by  the  battery  so  that  nor¬ 
mally  it  will  not  pass  current.  As¬ 
suming  a  point  in  the  cycle  where 
the  tube  has  just  ceased  to  pass  cur¬ 
rent,  we  note  that  the  condenser  C 
is  charged  with  the  polarity  indi¬ 
cated  but  that  the  charge  cannot 
leak  off  since  the  only  discharge 
path  is  through  the  diode  which  is 


Th*  mass  production  o<  transiormors  lor  radio, 
tolovision  and  other  sloctronic  application  is  Tir- 
tuaUy  "building  brains  on  a  production  lino." 
Wo'ro  proud  oi  the  work  wo'to  done  in  our 
country's  aU-out  production  oilort— ond  wo 
wont  to  convert  more  oi  our  tociUtios  to  this 
purpose.  So  ii  you've  a  transiormer  problem — 
we  wont  to  help.  We  oiler  manuiacturers,  ot 
deiense^  equipment  especiaUy,  a  complete  or- 
ganisotion  to  accept  lull  responsibility  ior  the 
engineering  and  production  oi  standard  or  spe¬ 
cial  transiormors.  Our  three  conveniently  lo¬ 
cated  plants  (at  Clyde  and  Cuba,  N.  Y.)  are 
iuUy  equipped  with  modem  time-saving  equip¬ 
ment  and  arranged  ior  streamline  production. 
And  remember.  Acme's  reputation  ior  quality 
has  been  built  on  the  policy  oi  testing  every 
transiormer  to  speciiic  limits  oi  periormonce.  Ii 
the  trcmsiomer  you  need  con  be  produced  by 
adapting  dies,  tools,  iigs,  and  Hxtures  irom  the 
hundreds  in  our  stock — you  can  save  months  in 
tool  production  time  alone. 


For  Notional  War  Effort 

DO  YOU  USE 


Audio  Transiormors 
Interstage  Trons- 
iormers 

Output  Tronsiorm- 

ers 

Push-Pull  Input 
Transiormors 
Driver  Tronsiorm- 

ers 

Microphone  Input 
Transiormors 
Filter  Chokes 
Swinging  Chokes 
Audio  Reactors 
Signolling  Trans¬ 
formers 
Plate  Supply 
Transiormors  , 
Filament  Trons- 
iormers 

Three  Phase  Power 
Transiormors  (up 
to  50  KVA) 


TRAINING  FOR  A  HERO 


Check  this  list  oi 
Acme  products 
then  send  specifi¬ 
cations,  blue 
prints  and  out¬ 
line  oi  applica¬ 
tion.  Acme  trans¬ 
iormer  engineers 
are  at  your  serv¬ 
ice  to  help  solve 
your  transiormer 
problems. 


HOW'S  YOUR  VOLTAGE 

CONTROL? 


f  Every  lobora- 

f  tory  and 

I  production 

1  1  elec- 

tronic  devices 
need  an  ade- 
quate  variable 
voltage 
The  Acme 
pro- 

■M  the 

ieatures  you 

w  wantwith 

^  stepless  volt¬ 

age  range  irom  0  to  135  volts.  Portable 
or  panel  types.  Write  ior  Bulletin  150. 


TNEACME  ELECTRIC  8  MEG.  CO 

31  WATER  ST.  CUBA,  «.  Y 


Sgt.  loseph  Lockhard  (left),  who  gave  an 
unheeded  air  raid  warning  at  Pearl  Har¬ 
bor  on  Dec.  7th  is  shown  en  route  to  Fort 
Monmouth,  N.  I.  where  he  will  attend  the 
officers'  troining  school 
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Semi  -  automatic  m  a  - 
chines  wind  cores  in  a 
fraction  of  the  time 
formerly  required  by 
hand-winding. 


THE  PRODUCTION  OF  VARIACS 
gj[pPED  UP  AGAIN! 


Variac 


WRITE  FOR  BULLETIN  No.  777  for  complete  data, 
the  original  continuously  variable  autotransformer  supplying 
an  output  voltage  from  zero  to  above  line  voltage. 


Because  practically  all  of  our  manufacturing  facilities  are  devoted  to  war 
projects,  to  secure  this  equipment  a  preference  rating  certificate  or  other 
approved  priority  rating  will  be  necessary. 


riie  need  for  \  ariaes  \va.s  never  greater  than  it 
is  today.  If  you  could  glance  along  our  speeded 
up  production  line,  you  would  conclude  that  General  Radio  is  doing 
what  it  can  to  meet  that  need.  Laminations  are  swiftly  stacked  to 
form  the  toroidally-shaped  cores.  FormerK,  these  cores  were  wound 
by  hand;  today  a  production  line  of  specially  designed  automatic 
machines  W'ind  cores  faster  and  more  uniformly  than  skilled  hand- 
winders.  Spoilage  is  decreased,  copper  is  conserved  and.  what  is 
even  more  important,  uniform  tension  and  spacing  of  the  wound 
copper  wires  are  achieved,  resulting  in  a  better  Variac  than  ever 
before. 


After  other  machines  grind  the  brush  contact  surface  <»f  the  wound 
coils  to  a  uniform  smoothness,  the  assembly  and  wiring  are  quickly 
completed.  Uniformly  high  (piality  is  maintained  by  a  rigid  inspec¬ 
tion  and  testing  procedure.  Increased  speed  ami  facilities  have 
jumped  the  daily  production  of  Variacs  many  times  that  «*f  former 
methods. 


Variacs  are  made  in  15  models  with  power  rating  from  90  watts 
to  7,000  watts;  prices  on  the  stock  models  range  from  $10  to  $100. 


Grinding  the  commutator  surface  on 
type  50  Variac  winding. 
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TUBES 


Westinghouse 

Phanotron  ;  mercury-vapor,  full-wave 
rectifier;  glass  envelope;  overall  height 
6  inches  (max) ;  diameter  2i  inches, 
4-pin  base. 

Ef  -  2.5  V  7^ 

If  ••  12  amp  /  \ 

Tube  Voltage  Drop  f  1 

—  9  V  (approxi  I  I 

Peak  Inverse  Anode  Voltage  I  yy  •  / 

“  1000  V  (max)  \  ^  X.  / 

Peak  Anode  Current  »«  3.1  amp  \  I  I  7 

Avg  Anode  Current  =  2.0  amp 
Temperature  Range.  -Ambient  (  ) 

-  20—55®  C  W  W 

WL-669 

WL-670 


WestinghTmse 

Kenotron  ;  high-vacuum,  half-wave 
rectifier;  glass  envelope;  oil  cooled; 
overall  height  14?  inches  (max) ;  di¬ 
ameter  5i  inches  (max). 

£/  ■“  10  V 

If  “  10  amp 

Peak  Inverse  Anode  Voltage 
60,000  V  (max) 

Peak  Anode  Current 
“  0.20  amp 

Avg  Anode  Current  =»  0.06  amp 


Westinghouse 

Kenotron  ;  high-vacuum,  half-wave 
rectifier;  glass  envelope;  air  cooled; 
overall  height  26 A  inches  (max) ;  di¬ 
ameter  6J  inches  (max). 

£/  -  lOv 
If  —  50  amp 

Peak  Inverse  Anode  Voltage 
“  150,000  V  (max) 

Peak  Anode  Current 
“  0.75  amp 

-Avg  .Anode  Current  »  0.24  amp 


Westinghouse 

Phanotron;  mercury-vapor,  full-wave 
rectifier;  glass  envelope;  air  cooled; 
overall  height  7J  inches  (max) ;  diam¬ 
eter  3i  inches;  4-pin  base. 


Ef  -  2.5  V  ' 

If  ^  24.0  amp 
Tube  Voltage  Drop 

—  11  V  (approx)  I 

Peak  Inverse  Anode  Voltage 
••  1000  V  (max)  ' 

Peak  .Anode  Current 
»  9.5  amp  (max) 

.Avg  Anode  Current  =  6.0  amp 
Temp  Range,  Ambient 
=  20—55®  C 


is  essential  •  •  •  ,  ,  , 

^co*dynmot6bs' 
•^CO  DYNAMOTORS  a., 

lor  all  types  of  service  .  •  •  wt  op 

lor  a»  lyK  ranging  non 

eroting  temperature  ransi 

_40’  to  +65“  CenUgrade. 


Westinghouse 

Kenotron  ;  high-vacuum,  half-wave 
rectifier;  glass  envelope;  air  cooled; 
overall  height  19  inches  (max);  di¬ 
ameter  5J  inches  (max). 


COMPACT 

light  weight 
minimum  A.C.RIPPI^ 
low  VOITRGE  BEGOLAI 

ity  features  In  WINC 

motors. 

WINCO  DYNAMOTORS 
ularly  available  in  stand 
puts  and  sizes  .  .  .special 
DYNAMOTORS  can  be  < 

to  meet  your  exact  need. 

plete  tree  Advisory  En< 

Service  is  yours  without  0 


Westinghouse 

Phanotron;  mercury-vapor,  half-wave 
rectifier;  metal  envelope;  overall  height 
19i  inches  (max) ;  diameter  4jl  inches 
(max) ;  flexible  leads. 

Ef  -  2.5  V 

If  ••  100  amp 

Tube  Voltage  Drop  (approx) 

=•  10  V 

Peak  Inverse  Anode  Voltage 
1500  V  (max) 

Peak  Anode  Current 
—  150  amp 
.Avg  Anode  Current 
30  amp  (max) 

Temp  Range,  Conden.sed  Mer¬ 
cury  -  20—70°  C 


£/  =»  11  V 

1/  “  10  amp 
Peak  Anode  Current 
=  0.20  amp 

Avg  Anode  Current  =  0.06  amp 


Westinghouse 

Kenotron  ;  high-vacuum,  half-wave 
rectifier;  glass  envelope;  air  cooled; 
overall  height  183  inches  (max) ;  di¬ 
ameter  5i  inches  (max) ;  flexible  leads. 


£/  =  11 V 

I'  —  20  amp 

Peak  Inverse  Anode  Voltage 
=  140,000  V  (max) 

Peak  .Anode  Current 
=  0.20  amp 

Avg  .A  node  Current  —  0.06  amp 


consult  us? 


Westinghouse 

IGNITRON ;  high-peak-current,  pool-cath¬ 
ode  tube;  water  cooled;  for  rectifier 
service;  metal  envelope;  overall  height 
19  inches  (max) ;  diameter  4J  inches 
(max). 

Nominal  D-C  Voltage  Outupt 

-  600  V 

Peak  Forward  and  Inverse 
Voltage  —  2100  v 
.Avg  Anfjde  Current  “  100  amp 
Peak  Anode  Current 
“  600  amp 

Ignitor  Voltage  (typical) 

-  150  V 

Ignitor  Current  (typical) 

=  40  amp  (max) 


W’estinghouse 

Kenotron  ;  high-vacuum,  half-wave 
rectifier;  glass  envelope;  air  cooled; 
overall  height  325  inches  (max);  di¬ 
ameter  65  inches  (max). 

Ef  =  10  V 
If  =  10  tunp 

Peak  Inverse  Anode  Voltage 
=  230,000  V  (max) 

P*ak  Anode  Current 
=  0.10  amp 

.Avg  -Anode  Current  =  0.30  amp 


The  Dynamotor  designed  to 
insure  maximum  efficiency  of  oil 
operating  altitudes  and  temper¬ 
atures. 
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More  Dollars  Per  Man  Per  Month  in  the 
PAY  ROLL  WAR  SAVINGS  PLAN> 


TO  WIN  THIS  WAR, 


more 

and  more  billions  are  needed 
and  needed  fast — AT  LEAST 
A  BILLION  DOLLARS  A 
MONTH  IN  WAR  BOND  SALES 

alone: 

This  means  a  minimum  of  10  percent 
of  the  gross  pay  roll  invested  in  War 
Bonds  in  every  plant,  office,  firm,  and 
factory  in  the  land. 

Best  and  quickest  way  to  raise  this 
money — and  at  the  same  time  to  “brake” 
inflation — is  by  stepping  up  the  Pay- 
Roll  War  Savings  Plan,  having  every 
company  offer  every  worker  the  chance 
to  buy  MORE  BONDS. 

Truly,  in  this  War  of  Survival, 
VICTORY  BEGINS  AT  THE  PAY 
WINDOW. 

If  your  firm  has  already  installed  the 


Pay-Roll  War  Savings  Plan,  now  ts  the 
time — 

1.  To  secure  wider  employee  par¬ 
ticipation. 

2.  To  encourage  employees  to  increase 
the  amount  oj  their  allotments  for 
Bonds,  to  an  average  oj  at  least  10 
percent  oj  earnings — because 
“token**  payments  will  notwin  this 
war  any  more  than  “token**  resis¬ 
tance  will  keep  the  enemy  jrom 
our  shores,  our  homes. 

If  your  firm  has  not  already  installed 
the  Pay-Roll  War  Savings  Plan,  now  is 
the  time  to  do  so.  For  full  details,  plus 
samples  of  result-getting  literature  and 
promotional  helps,  write,  wire,  or 
phone:  War  Savings  Staff,  Section  E, 
Treasury  Department,  709  Twelfth 
Street  NW.,  Washington,  D.  C. 


This  space  is  a  contribution  to  America's  all-out  war  program  by 
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BUD  RADIO,  INC 


Type  WL-651 

Westinghouse 

Ignitron  ;  high-peak-current,  pool-cath¬ 
ode  tube ;  water  cooled ;  for  welding 
service;  metal  envelope;  overall  height 
18  inches  (max) ;  diameter  41  inches 
(max). 

Supply  Voltage  (rma) 

-  400—  500  V 
Peak  Inverse  Voltage 

<■  720  V  (max) 

Demand  ••  1200  kva 
Avg  Anode  Current 
•«  14.0  amp  (max) 

Peak  Current  at  \Iax  Avg 
Anode  Current 

—  1 130  amp  (max) 

Peak  Anode  Current 

—  3400  amp 

Avg  Current  at  Max  Peak 

—  75.6  amp 
Averaging  Time 

“7.1  sec  (max) 

Ignitor  Voltage  (typical) 

-  200  V 

Ignitor  Current  (typical) 

“  25  amp 


SCIENCE  and  INDUSTRY  for  DEFENSE 


Every  COMMUNICATIONS  system — every 
electrical  INSTRUMENT  employed  in  the 
production  of  materials  of  war  needs 
CONSTANT  VOLTAGE  protection  against 
line  surges  and  fluctuating  voltage  levels 
caused  by  overloaded  power  lines.  Sola 
CONSTANT  VOLTAGE  TRANSFORMERS 
will  deliver  a  perfectly  stabilized  output 
voltage,  even  though  line  voltages  vary  as 
much  as  30%.  No  moving  parts.  Instan¬ 
taneous  in  action.  Self-protecting  against 
overload  or  short  circuit. 

Ask  for  Bulletin  DCV-74 


Westinghouse 

Ignitron;  high-peak-current,  pool-cath¬ 
ode  tube;  water  cooled;  for  welding 
service;  metal  envelope;  overall  height 
17  inches  (max) ;  diameter  22  inches 
(max). 


Supply  Voltage  (rms) 

“  400— .500  V 
Peak  Inverse  Voltage 
“  720  V  (max) 

Demand  =  600  kva 
Avg  .\node  Current 
“  56.0  amp  (max) 
Peak  Current  at  Si  ax  .\vg 
Anode  Current 
“  565  amp  (max) 
Peak  .\node  Current 
“  1700  amp  (max) 
Avg  Current  at  Max  Peak 
“  30.2  amp 
\veraging  Time 

“  0.0  sec  (max) 
Ignitor  Voltage  (typical) 

=  200  V 

Ignitor  ('urrent  (typical)  . 
“  25  arnp 


Westinghouse 

Ignitron;  high-peak-current,  pool-cath¬ 
ode  tube;  water  cooled;  for  welding 
service;  metal  envelope;  overall  height 
23  inches  (max);  diameter  58  inches 
(max). 


BUD  Condensers 

for  every  application 


BUD  precision  built  condensers 
are  made  in  a  wide  variety  of  sizes 
and  capacities  for  many  electronic 
applications.  Special  capacities, 
air-gaps  and  mechanical  details 
can  be  supplied.  Prompt  quota¬ 
tions  submitted  on  receipt  of  your 
prints  or  specifications. 


Supply  Voltage  (rms) 

=  400—500  V 
Peak  Inverse  V'oltage 
“  720  V  (max) 
Demand  “  2400  kva  (max 
\vg.  .\node  Current 
35.5  amp  (max) 

Peak  Current  at  Max  .Avg 
Amsle  Current 

=  2260  amp  (max) 
I’eak  .Amsle  t^urrent 
=  6800  amp 

Avg  Current  at  Max  Peak 
=  192.0  amp 
.Averaging  Time 

“  .5.6  sec  (max) 
Ignitor  Voltage  (typical) 

=  200  V 

Ignitor  Current  (typical) 

“  25  amp 


ELECTROINICS 


The  Alloy  that  doesn't  get  tired 


FulPills  unique  tasks  that  cannot  be  per¬ 
formed  by  any  other  metal  or  alloy. 


We  hove  the  facilities,  personnel,  and 
experience  to  meet  the  most  exacting 
specifications. 


Westinghouse 

IGNITRON ;  high-peak-cuiTent,  pool-cath¬ 
ode  tube ;  water  cooled ;  for  welding 
service;  metal  envelope;  overall  height 
18  inches  (max) ;  diameter  4J  inches 
(max). 


Supply  Voltage  (rnis> 

—  200—250  V 
Peak  Inverse  Voltag<“ 

—  360  V  (max) 
Demand  —  1200  kva  (max) 
Avg  Anode  Current 

—  14.0  amp  (max) 
Peak  Current  at  Max  Avg 

.\node  Current 

“  2260  amp  (max) 
Peak  .Anode  Current 

—  68(K)  amp  tmax) 
Avg  Current  at  Max  Peak 

>=  75.6  amp 
.Averaging  Time 

*  1-1.0  sec  (max) 
Ignit«>r  Voltage  (typical) 

—  100  V 

Ignitor  Ciirrent''(typieal) 

»  2.5  amp 


Westinghouse 

iGNlTRON ;  high-peak-current,  pool-cath¬ 
ode  tube;  water  cooled;  for  rectifier 
service;  metal  envelope;  overall  height 
3  inches  (max) ;  diameter  58  inches 
(max). 


Nominal  D-C  Voltage  Output 
-  600  V 

Peak  Forward  and  Inverse 
Voltage  —  2100  v 
.Avg  .Amnle  Current  =  225  am 
Peak  Amnle  Current 
=  1200  amp 

Ignitor  Voltage  (typical) 

•«  150  V 

Ignitor  Current  Itypical) 

•  40  amp  (max) 


Westinghouse 

Thyratron;  grid-controlled  gaseous 
di.scharge  rectifier;  glass  envelope; 
overall  height  7i  inches  (max) ;  diam 
eter  3 A  inches  (max);  4-pin  base. 


FIGHTING  ALLOY 

in  BERALOY  25 


Kr  “  .5.0  V 
1 1  ^  4.5  amp 

Peak  .A male  Voltage  =  1000  v 
Peak  .Amale Current  “  I.A.Oamp 
Avg  .Amale  Current  —  2.5  amp 
(•rid  Voltage  for  Starting —  I 

Negative  I 

Temp  liaiige,  ComleuMal  Mer- 
cur>  -40  SO' C 


Westinghouse 

Thyratron;  grid-controlled  gaseous- 
discharge  rectifier;  glass  envelope; 
overall  height  7{|  inches  (max);  di¬ 
ameter  3  inches  (max)  plus  one-half 
inch  for  grid  cap  side  of  envelope;  4- 
pin  base. 


Ef  —’5.0  V 
If  —  4.5  amp 

Peak  Anode  Voltage  -  ri'.)0v 
Peak  .Amale Current  —  l.5.0ani| 
.Avg  .Ancale  Current  —  2.5  am) 
(Irid  Voltage  for  Starting- 
'  Negative 

Temp^Itange.  Comlens<al  Mer 
ciiry  =  -40—  80°  (  ' 


WILBUR  B.  DRIVER  CO. 

NEWARK,  NEW  JERSEY  ' 


Manufacturers  of  "TOPHET”*  the  Nickel-Chrome  Resistance  Wire 

_  .  *TnAOC  MAwa  Rco.  u.  a.  pat.  ofp. 
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Thvratron  ;  grid-controlled  gaseous- 
discharge  rectifier;  glass  envelope; 
overall  height  4i  inches  (max) ;  diam¬ 
eter  1ft  inches  (max) ;  8-pin  octal  base. 

Ef  -  6.3  V  (2) 

If  “  0.6  amp  . 

Tube  Voltaire  Drop  _ 

.  “  8  V  (approx) 

Peak  Anode  Voltage 

Iiiveree  =  1300  v  (max  f  -  —  —  —1  1 

Forward  »  650  v  (max)  I  I 

Shield-Grid  Voltage  0  v  ^  L 

Anode  Current  (2  )^\  #\ 

Instantaneoua  — '  ' — 

“  500  ma  (max)  Jr 

Average  ••  ItO  ma  (max)  (1)1  ITS) 


Playing  a  Leading 
Role  in  America's 
War  Program  . . . 


On  sea,  on  land,  at  airports— 
maintaining  communications  under 
most  critical  conditions  —  serving 
defense  needs. 


In  this  national  emergency.  Premax 
has  enlisted  its  entire  personnel  and 
experience  in  the  manufacture  of 
monel,  aluminum  and  steel  antennas. 
Both  are  demonstrating  their  ability 
to  meet  critical  requirements  while 
maintaining  the  high  standards  of 
Premax  service. 

Send  for  catalog  of  Antennas  and 
Mountings,  or  submit  your  specifi¬ 
cations  if  special  designs  in  fully 
telescoping,  adjustable  equipment 
is  needed. 


hallicrattBrs 

communications  equipment 


Thvratron  ;  grid-controlled  gaseous- 
discharge  rectifier ;  glass  envelope ; 
overall  height  4i  inches  (max) ;  diam¬ 
eter  1ft  inch  (max) ;  8-pin  octal  base, 


Ef  “  6.3  V 
If  —  0.6  amp 
Tube  Voltage  Drop 
=  14  V  (approx) 

Peak  Anode  Voltage 

Inverse  »  700  v  (max)  j 

Fora-ard  =  350  v  (max)  I 

Shield  Grid  Voltage  —  0  v 
Anode  Current  (2 

Instantaneous 

=  375  ma  (max) 
Average  ««  75  ma  (max) 


Division  Cbisbolm-Ryder  Co.,  Inc, 

4214  Highland  Ave.,  Niagara  Falls,  N.  Y. 


Type  WL-629 


Westinghouse 

Thvratron  ;  grid-controlled  gaseous- 
discharge  rectifier;  inert-gas  filled; 
glass  envelope;  overall  height  4i  inches 
(max) ;  diameter  1ft  inches;  5-pin  base, 

Ef  -  2.5  V 

If  =  2.6  amp  _ 

Peak  .Anode  Voltage  =  350  v  'I 

Peak  Anode  Current  —  0.2  amp  ^ 

Avg  Anode  Current  =  0.04  amp  /  ]  \ 

Grid  Voltage  for  Starting —  /  |  \ 

Negative  f  _  | 

Temp  Range.  Ambient  I  *  ^  I 

=  -  20—  -i-70°  C  \  it  / 


General  Electric 

Pliotron;  grid-controlled  high-vacuum 
triode;  glass  envelope;  overall  height 
5S  inches  (max);  diameter  2ft  inches 
(max) ;  4-pin  base.  ^ 


Ef  =  4.5  V 
If  =  1.1  amp 
Eb  =  350  V  (max) 

E, - 20  V 

/ »  =  19  ma 
M  =  8.5 

am  =  1330  Minhos 
Dissipation  =  10  watts  (max) 


NEW  1942  CATALOG 
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cC  cC 


Flexible 

Amplifier 

{Continued  from  page  41) 


one  should  desire  to  write  a  com¬ 
prehensive  relation.  Actually,  there 
are  two  feedback  loops  in  the  ampli¬ 
fier  of  Fig.  2.  Only  the  major  one, 
PMX,  QNY,  is  considered  in  the 
foregoing  equations.  Due  to  the  un¬ 
bypassed  2,000-ohm  cathode  resistors 
in  the  second  stage  there  exists  a 
feedback  loop  within  that  stage  it¬ 
self.  This  produces  no  additional 
considerations  for  the  mathematics 
involving  equalization  of  the  type  C 
and  D  networks,  but  in  the  A  and  B 
networks  we  are  operating  upon  that 
same  cathode  circuit  to  produce 
equalization.  Since  the  cathode  re¬ 
sistors  of  this  stage  are  the  receiv¬ 
ing  loads  for  both  of  these  feedback 
loops,  application  of  the  A  and  B 
sections  will  affect  the  performance 
of  both  loops. 

A  summation  of  the  various  types 
of  controls  and  equalizations  pos¬ 
sible  with  this  amplifier  will  reveal 
that  for  a  unit  flexible  to  the  maxi¬ 
mum  extent  here  indicated  a  total  of 
about  twelve  front-of-panel  controls 
would  be  required.  Fortunately,  for 
any  given  application  where  certain 
functions  need  never  be  performed 
this  number  would  probably  not  be 
necessary.  Obviously  the  application 
involving  the  largest  number  of  con¬ 
trols  is  the  equalization  of  loaded 
telephone  lines.  One  type  D,  one 
type  B,  and  two  type  A  sections  are 
the  minimum  requirement  for  this. 
Each  type  A  section  should  have  a 
vernier  frequency-resonance-adjust¬ 
ment  as  indicated  in  Fig.  2  in  addi¬ 
tion  to  the  resistor  tap  switch  cali¬ 
brated  in  volume  units.  Further¬ 
more,  one  of  the  A  sections  might 
well  be  equipped  with  a  main  reso¬ 
nant  frequency  control  with  a  spread 
from  perhaps  2000  to  8000  cps  to¬ 
gether  with  a  double-gang  potenti¬ 
ometer  for  tapping  down  on  the  7F7 
cathode  resistors  as  previously  men¬ 
tioned.  Certainly  many  applications 
of  this  equalizing  amplifier  would 
not  require  the  power  level  of  ten 
watts  for  which  this  unit  is  designed. 
In  such  circumstances,  use  of  a 
smaller  beam  type  tube  (6V'6)  could 
be  employed. 


,»  p\0S  fl«<  ' 


nleM  0.«%  »»  ’<«>  rndivrd.<.IV  •  •  • 

“plus"  o»<l  'fj“rother. 

lilt  1 10  ohms  . 

totaling „«tlY 

Other  ranges  .  ■  ^^„i,oble. 

quiremen  s  .  •  .  j  pendenltY  ®P®  odern  britige 
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age  dinis  to  os  a  .i  the 

•„  insiantiY  -odY  ,es.s.an« 

(unitY  'O''®  ^  '  be  readiiY  "'®“g'’|dge  is  com- 
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All  Introfluctioii  to 

the  Operational  Calculus 

By  Walter  J.  Seeley,  Professor  of 
Electrical  Engineering,  Duke  Univer¬ 
sity.  (167  pages.  Price,  $2.00.  Inter¬ 
national  Textbook  Co.,  Scranton,  Pa.) 

As  THE  COMPLEXITY  OF  THE  physical 
phenomena  with  which  engineers  and 
physicists  deal  continually  increases, 
more  compact,  more  rigorous,  and  more 
powerful  methods  of  analysis  are  re¬ 
quired  if  the  physical  phenomena  tak¬ 
ing  place  are  to  be  accurately  specified 
in  analytical  language.  Undoubtedly 
that  branch  of  mathematics  known  as 
differential  equations  is  the  most  rig¬ 
orous  and  powerful  method  of  mathe¬ 
matical  analysis  in  common  use  by  the 
nonprofesional  mathematician,  but  even 
here  more  compact  methods  are  a  de¬ 
cided  advantage.  “The  operational 
calculus  as  developed  in  this  book  is 
merely  a  shorthand  method  of  solving 
certain  types  of  differential  equations” 
and  as  such  makes  its  contribution  to 
mathematical  analysis.  The  purpose  of 
this  handy  little  volume  is  to  develop 
certain  of  the  methods  of  operational 
calculus  for  the  use  of  undergraduates 
in  engineering  schools  whose  mathe¬ 
matical  background  is  limited,  and  for 
engineers  who  may  have  lost  the  facil¬ 
ity  of  manipulating  mathematics 
through  disuse. 

The  first  portion  of  the  book  reviews 
the  classical  methods  of  solving  linear 
differential  equations,  but  differs  from 
most  treatments  in  that  the  nomencla¬ 
ture  of  operational  calculus  is  employed. 
Accordingly,  there  is  no  well  mai-ked 
division  from  the  classical  methods  of 
manipulating  differential  equations  to 
the  operational  calculus  method.  The 
student  is  therefore  gradually  and  un¬ 
knowingly  making  use  of  operational 
calculus  before  he  has  had  an  oppor¬ 
tunity  to  build  up  resentment  for  the 
“theoretical”  studies  of  his  college 
course.  The  gradual  and  painless  man¬ 
ner  in  which  Prof.  Seeley  makes  use  of 
operational  methods,  and  the  practical 
u.se  he  makes  of  the  methods  developed 
in  his  text  is  an  important  pedagogical 
contribution. 

It  is  the  reviewer’s  experience  that  it 
,  takes  an  advanced  and  mature  mind  to 
1  overcome  the  strong  desire  for  “prac- 
,  tical”  knowledge  which  is  so  frequently 
;  considered  to  be  the  antithesis  of  “theo¬ 
retical”  learning.  Often  there  is  com- 
1  plete  failure  to  recognize  that  both  are 
merely  different  points  of  view  of  the 
same  thing  and  that  the  main  difference 
between  the  two  is  merely  the  degree 
to  which  they  have  been  publicized. 
Both  are  necessary  if  any  appreciable 
progress  is  to  be  achieved,  and  often 
the  theoretical  learning  of  one  gener¬ 
ation  is  absorbed  by  the  next  as  its 
practical  working  tools.  The  free  and 
easy  style  which  Prof.  Seeley  has,  and 
the  application  of  operational  methods 
immediately  and  directly  to  problems  of 


ELECTRMCAL  CONTACTS 


Vital  in  war  and  peace 


TODAY  WAR  PRODUCTION  Calls  foT  ncw  increased  uses  of 
thermostatic  bi-metals  and  special  electrical  contacts.  Wilco 
engineers  will  cooperate  with  you.  The  H.  A.  ilson  Com¬ 
pany  offers  a  wide  variety  of  specialized  thermostatic  bi¬ 
metals  of  high  and  low  temperature  types.  Also  a  series  of 
resistance  bi-metals,  (from  24-440  ohms,  per  sq.  mi.  ft.). 
★  Wilco  electrical  contact  alloys  meet  war  requirements  .  .  . 
available  in  Silver,  Platinum.  Gold,  Tungsten,  Metal  Powder 
Groups.  Wilco  Aeralloy  is  the  outstanding  aircraft  magneto 


H.  A.WILSON  CO 


The 

105  CHESTNUT  ST.,  NEWARK,  N.  J, 

Branches;  Chicago  and  Detroit 


ASSEMBLY  MOVES  FASTER 


with  Knurled  **UNBRAKO**  Socket  Cap  Screws 

I  Knurls  keep  the  assembler’s  Angers  from 
I  slipping  in  spite  of  oil  and  grease  and 
therefore  helps  him  to  save  time  before 
I  applying  a  wrench.  “Unbrako”  deliveries 
are  better  than  average — no  premium 
price.  Make  your  next  order  Knurled 
“Unbrako”. 


The  Knurling 
of  Socket 
Screws 
originated 
with 

“Unbrako” 
years  ago. 


REG.  U.S.  PAT.  OFFICE 

Where  ordinary  set  screws  fail  to  hold  .  .  . 
use 

“UNBRAKO”  Self-Locking 
Hollow  Set  Screws 

When  tightened  as  usual  the  knurled 
points  dig  in  and  hold.  Easily  removed. 
Can  be  re-used. 


Fir.  1645 
Pal's  Pendini 


BOSTON  •  DETROIT  •  I NOIANAPOLIS  •  CHICAGO  •  ST.  LOUIS  •  SAN  FRANCISCO 
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CHECK 

HERE! 

. ...  if  you  want  a 
BETTER  radio  job! 

Technical  ability  is 
the  onlv  thing  that 
stands  between  you 
and  a  better  iob.  .  .  . 
CRFI  can  prepare 
you  SOW  wtih  just 
the  training  you  need! 


Yes,  YOUR  opportunity  is  here,  NOW! 
Our  home  study  courses  are  "made  to 
order”  for  this  opportunity.  CREI 
trained  men  are  in  demand  through¬ 
out  the  radio  industry  ....  and  the 
I  demand  will  Increase  as  the  months  go 
by.  If  the  lack  of  technical  training  is 
your  stumbling  block  ....  you  can  do 
something  about  it  now — -if  you  uilL 
Your  radio  experience  backed  by 
CRHI  mmlern  training  will  equip  you 
to  share  in  the  better,  good-paying  jobs 
that  await  trained  men.  ^DOtt  radiomen 


can't  be  uronf^! 


WRITE  TOR  TACTS  TO¬ 
DAY.'  Our  FREE  BOOK¬ 
LET  and  personal  recom- 
mendali'ins  may  h-ld  the 
answer  to  your  future  sin- 
cess.  Write  today  ami 
blease  stale  briefly  your 
background  of  experience, 
education  amt  present  po¬ 
sition. 

CAPITOL  RADIO 
ENGINEERING  INSTITUTE 

Dept.  E-7,  3224  16th  St.,  N.  W.,  Wash..  D.  C. 


ENGINEEBS 


incfuiled  — 
Llnqo’^  Radiatorf  have 
exceeded  all  efficiency 
expectations.  No  wonder 
llpolart  engineers  look  to 
*  Lingo  for  top  efficiency 
and  managers  are  en¬ 
thused  by  the  increased 
sales  made  possible 
by  increased  signal 
strength  and  covarage. 


Photo  thowi  in¬ 
stallation  of  the 
.150  ft.  Lingo  Tub- 
ular  Steel  Radiator  % 
at  ttation  WBOC, 

Salitburii,  Md. 


electric  circuits,  should  do  much  to  de¬ 
velop  in  the  student  using  this  little 
volume  a  maturity  of  mind  which  is 
frequently  lacking  because  the  inter¬ 
relationships  between  mathematics  and 
physical  principles  are  not  sufficiently 
clearly  defined.  Theory  and  practice 
are,  at  worst,  first  cousins  in  this 
volume. 

While  the  volume  should  be  useful  to 
anyone  desiring  a  knowledge  of  opera¬ 
tional  methods,  it  will  be  particularly 
suitable  to  electrical  engineers  since  the 
practical  problems  have  been  selected 
from  the  field  of  electric  circuit 
analysis. — B.n. 


^leetroii-Iiierlia  Effects 

By  F.  B.  Llewellyn,  Published  by  the 
Cambrid^fe  University  Press  {Macmil¬ 
lan  Co.,  HO  Fifth  Avenue,  New  York).  \ 
102  pages,  IS  figures.  Index,  2  pages. 
Size,  X  5i  inches.  Price,  $1.75. 

The  behavior  of  vacuum  tubes  at  high 
I  frequencies  has  been  a  subject  of  in- 
i  tensive  study  for  more  than  a  decade. 

The  author  of  this  monograph  has 
j  taken  a  very  active  part  in  the  study,  ; 

!  and  it  is  no  exaggeration  to  say  that 
I  the  present  satisfactory  state  of  our 
I  knowledge  of  a  considerable  portion  of  , 

I  this  subject  is  attributable  to  his  work.  | 

;  In  this  monograph  he  presents  a  clear  ' 
and  authoritative  account  of  the  bear¬ 
ing  of  electron-inertia  effects  on  the 
small-signal,  high-frequency  theory  of 
vacuum  tubes. 

The  monograph  is  divided  into  eight 
chapters.  The  first  contains  a  brief  j 
sketch  of  the  cla.ssical  treatment  of  ' 
effects  of  electron  inertia  in  problems 
which  pertain  to  the  passage  of  elec-  j 
tromagnetic  waves  through  ponderable  j 
matter.  The  object  of  this  iiitroduc-  i 
tory  chapter  is  to  emphasize  the  fact 
that  although  electron-inertia  effects 
have  been  encountered  before  in  prob¬ 
lems  of  physics,  the  assumptions  which 
I  form  the  basis  of  treatments  of  these 
problems  are  not  valid  for  an  analysis 
of  the  behavior  of  vacuum  tubes  at  high 
frequencies.  In  the  next  two  chapters 
the  differential  equations  which  are 
fundamental  to  an  analysis  of  the 
passage  of  electrons  from  one  to  an 
!  other  of  two  infinite  parallel  planes  are 
.set  up;  series-order  solutions  of  the.se 
equations,  useful  mainly  for  small-sig¬ 
nal  operation  such  as  takes  place  in 
1  receiving  tubes,  are  developed;  and  the 
I  zero-order  solutions  utilized  to  exhibit 
the  d-c  relations  in  planar  diodes  and 
negative-grid  triodes.  The  following 
three  chapters  are  devoted  to  an  exposi¬ 
tion  of  the  first-order  solutions  and  ap¬ 
plication  of  these  results  to  planar  di¬ 
odes  and  negative-grid  triodes,  the 
latter  being  considered  as  two  cascaded 
diodes.  The  physical  significance  of 
the  mathematics  is  illustrated  by  dis¬ 
cussions  of  such  practical  matters  as 
equivalent  first-order  circuits,  the  de- 
I  pendence  of  the  tube  parameters  on 
I  frequency,  the  increased  cathode  emis- 
I  sion  required  fo’r  space-charge-limited 
I  operation  at  high  frequencies,  and  the 
I  utilization  of  the  diode  as  an  oscillator 
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at  high  frequencies.  The  final  two 
chapters  contain  an  application  of  the 
second-order  solutions  to  the  calcula¬ 
tion  of  small-signal  rectification  in  a 
planar  diode;  a  concise  exposition  of 
the  behavior  of  vacuum-tube  voltmeters 
at  high  frequencies,  based  on  an  analy¬ 
sis  of  the  space-charge-free  situation; 
a  brief  qualitative  discussion  of  the 
modifications  introduced  by  departure 
from  the  parallel-plane  electrode  con¬ 
figuration;  and  a  short  treatment  of 
the  Barkhausen-Kurz  and  Magnetron 
oscillators. 

By  way  of  conclusion  the  author  calls 
attention  to  the  urgent  need  for  solu¬ 
tions  of  such  problems  as  the  multi¬ 
valued  electron-velocity  situation  which 
is  characteristic  of  retarding  field  tubes, 
and  tbe  large-signal,  high-frequency 
theory  of  vacuum  tubes.  It  is  a  strik¬ 
ing  commentary  on  the  speed  with 
which  technical  advances  are  occasion¬ 
ally  made  that  these  problems  have 
been  solved  since  the  book  was  printed. 

The  monograph  is  paper-covered,  but 
the  printing  and  13  figures  are  excel¬ 
lent.  Like  other  Cambridge  Physical 
Tracts,  it  is  a  thoroughly  good  job 
on  the  part  of  both  author  and  pub¬ 
lisher. — B.s. 


INSPECTION— PLUS 


Any  good  dynamotor  will 
pass  routine  inspections. 
But,  Eicor-built  Dynamo- 
tors  do  much  more  than 
meet  specifications ;  they 
have  those  all-important 
PLUS  VALUES  which 
eliminate  many  problems 
in  your  engineering,  pro¬ 
duction  and  inspection 
departments.  They  help 
you  meet  the  critical 
requirements  of  today’s 
specialized  radio  equip¬ 
ment. 


A  highly  stable  amplifier 
giving  gains  of  exactly  10 
and  100  times.  Operated 
by  self-contained  batteries. 
Through  the  use  of  special 
circuits  the  gain  is  inde¬ 
pendent  of  battery  voltage, 
circuit  constants  and  tubes 
within  2%  from  10  to 
100,000  cycles.  Particularly 
useful  with  our  Model  300 
Electronic  Voltmeter  to 
increase  its  sensitivity, 
permitting  voltage  meas¬ 
urements  down  to  30  micro¬ 
volts.  Send  for  Bulletin  7. 


^lectric  Motors  in  Industry 

By  D.  R.  Shoults  and  C.  J.  Rife,  Gen¬ 
eral  Electric  Co.  Edited  by  T.  C.  John¬ 
son,  General  Electric  Co.  John  Wiley 
and  Sons,  Inc.,  New  York,  19^2,  S89 
pages.  Price,  $J^.OO. 

The  major  portion  of  electrical  power 
used  by  industrial  organizations  in 
this  country  is  used  to  obtain  some  sort 
of  mechanical  motion  in  machinery 
through  the  use  of  electric  motors.  In 
general,  it  has  not  been  necessary  for 
the  electrical  engineer  specializing  in 
electronics  to  have  much  more  than  a 
speaking  acquaintance  with  motors 
while  performing  his  everyday  job. 
But  to  have  a  well  rounded  knowledge 
of  electrical  engineering  he  should  be 
more  than  a  little  familiar  with  the 
principles  of  operation  of  motors,  and 
their  application  and  control.  “Electric 
Motors  in  Industry”  is  well  suited  to  the 
purpose  of  learning  the  fundamentals 
of  motor  operation.  It  deals  with  the 
basic  principles  which  are  readily  un- 
dersto^,  and  which  at  the  same  time 
form  the  basis  for  proper  application 
of  the  motor.  In  addition  to  charac 
teristics  of  motors,  the  application  of 
motoi's  to  specific  uses  is  discussed  as 
well  as  various  control  methods  and 
coordinated  drive  systems.  It  is  very 
interesting  that  in  this  book,  which  has 
grown  out  of  a  course  in  industrial  en¬ 
gineering  given  by  the  General  Electric 
Co.  for  engineers  to  be  assigned  to  vari¬ 
ous  departments  throughout  the  com¬ 
pany,  there  are  two  chapters  dealing 
with  electronic  devices  and  their  ap¬ 
plication  to  industry.  In  the  small  space 
allotted  to  electronics  an  excellent  dis¬ 
cussion  of  the  principles  of  operation 
and  application  is  presented. — c.w. 
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AC  operation,  115  volts.  60 
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Television,  Today 
and  Tomorrow 


By  Lee  Deforest.  S60  pages,  1942, 
Price  $3.75.  The  Dial  Press. 


Dr.  Deforest  has  written  a  book  for 
the  lay  reader  in  which  he  explains 
what  makes  television  possible,  what  its 
economic  problems  are,  where  it  may  go 
after  the  end  of  the  war  has  removed 
the  blight  now  upon  it.  The  first  chap¬ 
ters  deal  with  the  historic  attempts  to 
send  pictures  to  distant  parts,  through 
the  work  of  May  (selenium),  Nipkow, 
Campbell  Swinton,  Jenkins,  Baird,  and 
Alexanderson  and  down  to  the  more 
recent  men  like  Farnsworth  and 
Zworykin.  While  most  of  the  book  deals 
with  the  techniques,  the  author  writes 
simply  and  a  great  deal  of  the  book 
can  be  understood  by  the  non-technical 
reader. 

Therefore  the  lay  reader,  interested 
not  in  the  high-powered  techniques 
which  make  sending  moving  pictures  to 
a  distance  possible,  but  in  the  interest¬ 
ing  non-scientific  aspects  of  a  new 
medium  will  find  Dr.  DeForest’s  book  a 
good  source. 

Chapter  headings  indicate  what  the 
book  holds: — Cathode-ray  systems,  stu¬ 
dio  technique,  antennas  for  receiving, 
sweep  circuits,  television  and  frequency 
modulation,  the  DuMont  System,  pro¬ 
jection  systems,  etc. 

The  engineer  without  previous  ex¬ 
perience  in  television  and  the  non¬ 
technical  man  will  find  Dr.  DeForest’s 
book  an  interesting  and  easy-to-read 
summary  of  the  technique  of  sending 
moving  pictures  to  distances  through 
space. — K.H. 


Flexible  Shcilts  Help  War  Production 

We  make  flexible  shafting  that  carries  the  power  smoothly  and  evenly 
in  many  difficult  situations,  no  matter  what  angle  required.  In  air 
planes,  tanks,  signal-corps  radio  and  numerous  other  war  products 
our  dependable  flexible  shafts  are  performing  faithfully.  Special  shafts 
made  to  your  specifications.  Our  engineering  department  is  at  your 
service  without  obligation  to  work  out  your  power-drive  or  remote- 
control  problems. 
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Basic  Radio 

By  J.  Barton  Hoag,  Head  of  the  De¬ 
partment  of  Science,  United  States 
Coast  Guard  Academy.  D.  Van  Nos¬ 
trand  Co.,  New  York.  380  pages,  1942. 
Price  $3.25. 

Dr.  Hoag  has  written  this  elementary 
book  on  radio  principles  for  students 
whose  background  in  physics  and  math¬ 
ematics  is  limited.  Most  of  the  chapter 
headings  follow  the  conventional  pat¬ 
tern  of  other  radio  texts,  but  others  do 
not.  The  author  has  made  a  modern 
book,  including  as  chapter  headings 
such  subjects  as  the  operation  of  oscil¬ 
loscopes,  photoelectric  cells,  direct-cur¬ 
rent  amplifiers,  frequency  modulation, 
long  and  short  lines  and  microwaves. 
Multivibrators,  pulse  amplifiers,  and 
image  dissector  tubes,  are  treated; 
thus  this  book  would  be  a  good 
one  for  many  men  who  have  been 
out  of  the  radio  industry  for  some  time 
and  who  wish  a  quick  refresher  to 
bring  them  up  to  date.  There  is  prac¬ 
tically  no  mathematics,  and  although  a 
student  with  no  background  in  radio 
experience  or  terminology  might  find 
it  difficult  going  without  an  instructor, 
he  would  find  this  a  useful  book  for 
classroom  work. — k.h. 


by  R.  LORENZEN 

This  new  Rider  Book  greatly  reduces  the  time  required 
for  alternating  current  engineering  calculations — speeds 
up  the  design  of  apparatus  and  the  progress  of  engineer¬ 
ing  students.  Two  to  five  times  as  fast  as  using  a  slide 
rule! 
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tronic  field.  Invaluable  for  instructors  as  well  as  students, 
and  also  administrative  officers  who  check  engineering 
calculations. 
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for  other  purposes.  Radio  equipment 
specifications  previously  on  the  books 
in  Section  8.201  through  8.208,  apply¬ 
ing  to  radio  equipment  for  motorized 
lifeboats,  continues  to  apply  without 
modification,  the  new  regulations  cover¬ 
ing  non-motorized  lifeboats. 

Transmitters  in  service  or  contracted 
for  prior  to  July  1  are  authorized  for 
continued  use  even  though  not  in  exact 
compliance  with  the  new  specifications, 
upon  delivery  of  proof  to  the  FCC  that 
such  transmitters  meet  certain  mini¬ 
mum  requirements  outlined  in  the  Com¬ 
mission’s  order.  For  example;  A-3 
(telephone)  emission  may  be  tempor¬ 
arily  accepted  in  lieu  of  automatic  code 
transmission  and  complete  equipment 
«M]uipinent  must  lx*  watertight,  buoyant  aiui  weight  may  be  as  much  as  75  lbs.  Minor 

power  supply,  casing  and  antenna  sup¬ 
port  design  differences  may  be  waived, 
ft.  into  Xhere  will  not,  however,  be  any  com¬ 
promise  on  such  things  as  operating 
,®P;  frequency,  availability  of  A-2  (modu- 
dated  telegraphy)  emission,  minimum 

power  output  and  antenna  resonance 
power  r  j.  .. 

indication. 


Requirements  for  radio  equipment  for 
use  in  lifeboats.  MacDonald  and  Grim- 
ditch  of  Hazeltine  are  elevated  in 
rank  in  company.  Other  industry  news 

between  00  and  J5U  <iaf.  plus  u  visual  an¬ 
tenna  resonance  indicator.  t'o»e;  Transmit¬ 
ter,  automatic  keying  device  and  power  sup- 
PLANS  are  in  progress  for  the  large-  l'l.v  housed  in  one  container  equipped 

scale  production  of  portable  radio  trans-  ^o^e  mus^V*^  a«i‘ched“^o'‘^’the  con“a?ner 
mitters  for  use  in  lifeboats  (Elec-  Weight  of  the  entire  equipment,  including 
'Tonvi/'C  1015*  n  inanre  antenna  wire,  insulators  and  dummy  antenna 

TRONICS,  Marcn  p.  £0}  W  insure  capacitor  but  excluding  masts,  must  not  ex- 

protection  and  rescue  of  American  sea-  cecd  J>i^  ibs.  The  container  housing 

men  from  torpedoes,  bombed  or  shelled  conduhihs’^il  ^'^^n^id^l^^d 

ships.  Four  manufacturers  are  known  met  if  the  equipment  operates  satisfactoril.v 
to  be  completing  suitable  designs  and  TenurmS*  afTer^lf 'uTropp.^^^-^*'*'' ^ 
there  are  undoubtedly  many  more  work-  sea  water,  will  not  leak  after  two  hours  sub- 
nn  the  nrnhlpni  mersion.  Instructions:  Instructions  approved 

mg  on  tne  prooiem.  covering  installation  and  op- 

Llfeboat  transmitters  are  no  longer  eration  must  be  affixed  to  tbe  transmitter  in 
optional  extras..  On  April  16  the  durable,  waterproof  manner.  A  name 

tT  V.  ,  j  ^  plate  must  state  tyi>e  and  model  number. 

United  States  Coast  uuard  wrote  the  manufacturer's  name,  rated  output  I 
following  provision  into  Section  153.23,  month  and  year  of  manufacture.  An 

nnnn  i  li.  T7>  j  in  •  .l  approved  maintenance  manual  must  be  sup- 

p.  2909  of  the  Federal  Registry:  There  plied  with  each  transmitter.  One  spare  tube 

shall  be  available  on  board  mechan-  (where  equipment  employs  tiihes)  of  each 

ically  propelled  ocean  and  coastwise  Each  lifeboat  transmitter  must  be  licensed.  TllP  IllflUStrV 

vessels  of  over  1,000  gross  tons  for  use 

in  lifeboats  at  least  one  portable  radio  Modification  of  the  Commission’s  ship  Two  well  known  names  in  the  radio 
instrument  which  complies  with  regu-  service  regulations  Section  2.77  confines  field  flared  into  prominence  again  re¬ 
lations  of  the  Federal  Communications  type  B  (damped  wave  telegraphy)  ex-  cently  when  the  board  of  directors  of 
Commission.”  On  May  8  the  FCC  re-  clusively  to  emergency  lifeboat  service,  the  Hazeltine  Service  Corporation  an- 

leased  the  regulations  referred  to,  add-  prohibiting  use  of  this  type  of  emission  nounced  the  election  of  William  A.  Mac¬ 

ing  Section  8.209  and  8.210  to  its  rules 
governing  ship  service  and  modifying 
Section  2.77. 


SSSS  Lifeboat 


Highlights  of  the  FCC  specifications  for 
lifeboat  transmitters  are  as  follows :  Fre¬ 
quency:  500  Kc.,  tolerance  0.5  per  cent,  pre- 
tuiied,  frequency  control  not  availabie  to 
the  operator.  Power  Output:  Not  less  than 
5  watts  into  an  artificial  antenna  with  100 
Muf  effective  capacity  and  10  ohms  effective 
resistance  at  500  Kc.,  such  artificial  an¬ 
tenna  to  be  furnished  with  the  equipment, 
product  of  antenna  current  in  amperes  and 
maximum  height  of  the  antenna  In  meters 
above  the  water  to  be  not  less  than  5. 
I'ype  of  Emission:  A-2  (modulated  teleg¬ 
raphy)  amplitude  modulation  only,  or  I*, 
(dumped  wave  telegraphy),  modulation  fre¬ 
quency  to  be  between  45()  and  1,250  cps. 
Keying:  Must  incorporate  both  manual  and 
automatic  means  for  transmitting  distress 
signals  in  groups  of  three,  interspersed  at 
frequent  intervals  (for  direction-finding) 
with  dashes  not  exceeding  four  seconds  in 
length,  automatic  code  spee<l  to  be  not  more 
than  16  wpni.  Power  Supply:  Manually  op¬ 
erated  generator  with  built-in  voltage  regu¬ 
lator,  requiring  not  more  than  60  rpm.  and 
not  more  than  0.134  hp.  at  crank-handles 
or  levers.  Or  storage  battery  with  non- 
spillable  casing,  capable  of  running  the 
transmitter  at  the  required  minimum  out¬ 
put  for  1%  hours  or  more.  (Where  a 
storage  battery  constitutes  the  power  sup¬ 
ply  a  spare  must  be  provided,  with  pro¬ 
vision  for  charging  aboard  the  ship  while 
at  sen.)  Not  more  than  one  manual  switch 
for  placing  the  equipment  in  operation,  the 
switch  to  be  self-releasing  after  not  more 
than  a  three  minute  operating  cycle  where 
the  transmitter  is  storage  battery  powered. 
Antenna:  .\t  least  40  ft.  of  flexible  stranded 
copper  wire,  insulators,  at  least  20  ft.  of 
flexible  stranded  wire  or  braid  weighted  at 
one  end  for  immersion  in  the  sea  or  for 
attachment  to  a  prepared  ground  such  as 
the  hull  of  a  metal  lifeboat.  A  mast  capable 
of  supporting  the  antenna  at  a  height  not 
less  than  the  length  of  the  lifeboat  and  in 
no  instance  less  than  26  ft.  above  the  water, 
guys  to  be  non-metallic.  (Masts  may  be 
those  provided  for  other  purposes,  such  as 
sails.  1  Masts  provided  specifically  for  sup¬ 
porting  antennas,  or  forming  part  of  such 
antennas,  may  be  metal.  Complete  antenna 
enuipment  as  described  above  must  be  fur¬ 
nished  with  the  transmitter  and  each  life¬ 
boat  up  to  a  maximum  of  four  per  vessel, 
must  have  duplicating  antenna  equipment 
and  supports.  Antenna  Tuning:  Not  more 
,  than  two  controls,  suitable  for  obtaining 
resonance  where  the  antenna  capacitance  is 


WGY’S  BIRTHDAY  PARTY 


Dr.  Katharine  Blodgett,  famed  woman  scientist,  is  shown  giving  the  plaque  to 
Kolin  Hager.  WGY  manager.  WGY  recently  celebrated  its  20th  birthday 
and  Mr.  Hager  was  an  announcer  on  the  original  staff.  WGY  was  one  of 
the  original  network  stations,  produced  the  first  radio  drama,  pioneered  sound 
effects  and  numerous  technical  developments 


July  J942  — ELECTRONICS 


The  entire  staff  of  the  Hazeltine  Serv¬ 
ice  Corporation,  in  its  laboratories  in 
New  York  City,  Long:  Island  and  Chi¬ 
cago,  is  engaged  in  research  and  design 
in  the  field  of  radio,  electronics  and 
general  scientific  research.  Where  so 
much  talent  goes  these  days  with  the 
production  of  broadcast  facilities  at  a 
standstill,  is  anybody’s  guess. 


Walte^i  C.  Evans,  general  manager  of 
the  Radio,  X-Ray  and  Broadcasting 
Divisions  of  the  Westinghouse  Electric 
&  Manufacturing  Company  announces 
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.  .  .  .  Accuracy  and 
dependability  are 
built  into  every 
Bliley  Crystal  Unit. 
Specify  BLtLEY  for 
assured  performance. 


BLILEY  ELECTRIC  COMPANY 


UNION  STATION  BUILDING 


ERIE,  PA. 


Donald  as  president  and  William  H. 
Grimditch  as  executive  vice  president 
of  that  organization.  Mr.  Edgar  A. 
Rickard,  formerly  president,  will  con¬ 
tinue  as  chairman  of  the  board  of  di¬ 
rectors.  Mr.  MacDonald  has  been  with 
the  Hazeltine  Service  Corporation 
since  its  incorporation  seventeen  years 
ago  and  until  his  recent  elevation  was 
vice  president  in  charge  of  engineering. 
Mr.  Grimditch  has  for  many  years  been 
associated  with  the  Philco  Radio  Cor¬ 
poration  where  he  was  director  and 
vice  president  in  charge  of  engineering. 


Messrs.  MacDonald  (top)  and  Grim¬ 
ditch,  Haseltine's  new  executives 


TIME-TESTED  IN 


ELECTRICAL  REMOTE  CONTROL 
APPLICATIONS 


Designed  and  made  by  the  originators  of 
the  dial  telephone  system,  the  Automatic 
Electric’s  Class  A  "telephone  type”  relay 
has  been  used  as  standard  in  that  service 
for  a  generation.  And  because  the  Class 
A  relay  has  proved  so  dependable  and 
durable,  it  is  now  providing  these  ad¬ 
vantages  in  hundreds  of  industrial  prod¬ 
ucts  important  to  the  war  program. 


Onl>  one  of  the  scores  of  electrical  con¬ 
trol  devices  offered  by  Automatic  Electric, 
the  Class  A  relay  can  be  supplied  in  a 
limitless  variety  of  contact  and  coil  com¬ 
binations —  for  d-c  or  a-c  operation,  slow 
acting  or  quick  acting,  and  with  almost 
any  desired  contact  load  capacity. 

If  you  are  engaged  in  war  production, 
write  for  a  copy  of  our  new  catalog  407 1-C. 


AMERICAN  AUTOMATIC  ELECTRIC  SALES  COMPANY 
1033  W.  Van  Buren  Street,  Chicago,  III. 


AUTOIMATK  ±  ELECTRIC 


um 


the  appointment  of  Gerald  Z.  Wollam 
as  works  manager  of  the  new  war  pro¬ 
duction  plant  in  Pennsylvania.  Mr. 
Wollam,  formerly  assistant  manager  of 
the  Radio  Division  will  supervise  the 
conversion  of  this  plant  to  manufacture 
of  communication  equipment  for  the 
Government. 


A  PRODUCTS 

and  PARTS 

ESSENTIAL  IN  THE  MANUFACTURE  OF 

ELECTRONIC 

APPARATUS 


The  appointment  of  R.  P.  Almy  as 
manager  of  renewal  radio  tube  sales 
was  announced  recently  by  C.  W.  Shaw 
of  the  Hygrade  Sylvania  Corporation. 
At  the  same  time  it  was  announced  that 
A.  R.  Oliver  was  appointed  field  sales 
manager  of  the  renewal  tube  sales  di¬ 
vision. 


r  OR  w«r>order  contractors  we  are  in  an 
excellent  position  to  manufacture: — 

•  Metal  Cabinets.  Chassis, 
Panels,  Racks,  Boxes 

•  Metal  Stampings;  also  Name 
Plates,  Dials,  etc. 

•  Completely  assembled  Screw 
Machine  Products 

•  Hardware  and  accessories 

We  Invite  inquiries  on  SPECIAL  WORK  FOR  MANUFAC- 
TURERS.  Buch  as:  Screw  Machine  Parts.  Engraving.  Machining. 

Stamping,  etc.  / 

It  will  pay  you  to  consult  Insuline  .  .  .  now!  !■  1 


Roy  Hannan,  formerly  material  ex¬ 
pediter  with  the  North  American  Avia¬ 
tion  Corporation  has  joined  the  pur¬ 
chasing  staff  of  Universal  Microphone 
Company  of  Inglewood,  Calif,  in  a  sim¬ 
ilar  capacity.  This  concern  is  employ¬ 
ing  many  of  its  own  products  in  the 
construction  of  devices  for  preventing 
sabotage  and  intrusion.  Tiny  acoustic 
pick-ups  and  concealed  microphones  are 
used  around  the  plant,  with  lines  run¬ 
ning  to  central  points,  as  well  as  to  the 
inside  public  address  system.  Through 
this  effective  means  the  work  of  the 
guards  is  made  more  adequate  during 
periods  of  total  darkness. 


gives  you  a  picture  story  of 
Insuline’s  enlarged  manufac¬ 
turing  facilities,  and  general 
descriptions  of  products  and 
Parts  .  .  ,  Write  for  your  copy 
nova. 


The  Waugh  Laboratories,  420  Lexing¬ 
ton  Avenue,  New  York  City,  announces 
the  availability  of  its  engineering  field 
service  and  testing  laboratory  facilities 
for  stress  determination  and  analysis. 
Engineering  consultants  of  the  Waugh 
Laboratories  include  Alfred  y.  de  For¬ 
est  and  Arthur  C.  Ruge,  both  of  the 
Massachusetts  Institute  of  Technology, 
Rudolf  K.  Bernhard,  Pennsylvania 
State  Colege  and  Donald  S.  Clark,  Cali¬ 
fornia  Institute  of  Technology.  The 
Laboratories  are  under  the  direction  of 
N.  H.  Roy,  formerly  of  the  University 
of  Illinois. 

Although  the  Waugh  Laboratories 
are  primarily  concerned  with  study 
which  may  be  regarded  as  in  the  field 
of  mechanical  engineering,  it  would  be 
very  strange  indeed  if  applications  of 
electron  tubes  were  not  an  important 
part  of  the  services  w’hich  the  Labor¬ 
atories  render. 


ligdii^'Vpitiir 
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315  VOLTS 


NO  MOVING  PARTS 


When  a  precision  electrical  device  or  a  critical  process  is  powered  from 
an  AC  line,  a  Raytheon  Voltage  Stabilizer  will  permanently  eliminate 
all  of  the  detrimental  effects  caused  by  AC  line  voltage  fluctuations. 
Made  for  all  commercial  voltages  and  frequencies,  single  or  three  phase. 

Raytheon's  twelve  years  of  experience  in  successfully  applying  the 
Stabilizer  to  hundreds  of  perplexing  voltage  fluctuation  problems  is  at 
your  service.  It  will  pay  you  to  take  advantage  of  our  engineering  skill. 

Write  for  Bulletin  DL48-71  describing  Raytheon  Stabilizers. 


Union  activities  also  come  in  for  their 
share  of  comment  in  this  month’s  re¬ 
view  of  the  news.  A  contract  between 
the  United  Electrical,  Radio  and  Ma¬ 
chine  Workers  Union,  negotiated  with 
the  Empire  Ordnance  Corporation,  de¬ 
manded  that  the  latter  concern  provide 
two  vitamin  pills  per  day  per  employee. 


From  Chattanooga  comes  the  report 
that  several  engineers  of  a  large  con¬ 
tractor  on  the  government’s  $35,000,000 
TNT  plant,  had  signed  a  petition 
threatening  to  resign  unless  their 
wages  were  increased  to  “nearly  a 
parity'’  with  that  of  union  workmen. 


RAYTHEON  MANUFACTURING  CO. 

lOO  Willow  Street,  WALTHAM,  Massachusetts 


ELECTRONICS 


/\tRCRAFT  TYPE 
E  N  E  AA  O  TOR  S 


•  8Ell8ATIOIfAL!l  That's  th*  word  for 
tho  now  Cartor  Multl-Ontpul  Dyaomotor. 
Sinco  its  introduction  a  yoor  aqo,  Polieo 
Doportmonts,  GoTomniont  Agoneios.  and 
manuiacturors  of  Tank  Radio  Equipmont 
hoTO  found  it  has  no  oqual  for  smali 
siso,  high  ofiicioncy,  and  oxtra  light 
weight.  It's  tho  coming  thing  for  oU 
Transmitter  and  Rocoiror  installations 


•  Writ*  today  for  doscriptirs  litoroturs 
on  Carter  Dynamotors — D.C.  to  A.C.  Con¬ 
vertors— Magmotors — Heary  Duty  Perma¬ 
nent  Magnet  Hand  Generators — Special 
Motors  -High  Frequency  Converters — Extra 
Smalt  A.C.  Generators — Permanent  Magnet 
Dynamotors  and  Generators. 


1606  Milwaukee  Ave.  Cable:  Genewotor 


Carter,  a  well  known  name  In  radio  since  1922 


the  radio  industry  is  looking  to 
us  for  Parts  and  Electronic  Equip¬ 
ment.  The  reason  for  this  lies  in 
our  ability  to  supply  much 
needed  material  with  utmost 
■  speed  and  maximum  efficiency: 

The  largest  stock  in  our  his¬ 
tory  is  availcfjsle  to  manufactur¬ 
ers,  Government  Agencies,  and 
other  organizations  engaged  in 
war  work. 


V 


In  other  words.  You  Can  De¬ 
pend  on  Terminal  —  Your  Most 
Reliable  Source  of  Supply! 


y 


TERMINAL  RADIO  CORF. 

85  CORTLANDT  STREET 

New  York  City  •  WOrth  2-4416 


It  was  claimed  that  many  graduate  civil 
engineers  receive  less  salary  than  semi¬ 
skilled  workmen.  It  was  also  claimed 
that  the  salaries  of  engineering  em¬ 
ployees  average  less  than  that  of  union 
workmen  under  them.  ! 

The  Precision  .\pparatl’s  Co.mpany,  i 
formerly  of  607  Kent  .4venue,  has 
moved  to  92-27  Horace  Harding  Boule¬ 
vard,  Elmhurst,  L.  I.,  N.  Y.,  more  than 
trippling  the  size  of  the  previously 
occupied  plant. 

.\nother  example  of  the  w’ay  in  which  j 
the  electronic  industry  is  aiding  the  war  j 
effort  recently  came  to  this  desk.  An 
outdoor  paging  and  announcing  system  i 
has  recently  been  installed  at  Eastern 
shipyards  to  provide  instant  communi-  ^ 
cation  throughout  the  dock  and  ships 
which  are  now  under  construction.  The  i 
time  saved  by  using  the  sound  system  | 
for  paging  personnel  and  communicat¬ 
ing  with  all  employees  simultaneously 
;  for  general  announcements  has  resulted 
!  in  greater  efficiency  in  all  parts  of  the 
yard,  according  to  George  Ewald,  com¬ 
mercial  sound  division  manager  of  RCA 
i  Manufacturing  Company,  who  made  the 
installation.  In  one  month,  RCA  sound 
.sy.stems  were  installed  at  29  industrial 
plants,  16  government  projects,  6  hos- 
I  pitals  and  institutions  and  one  airport. 

Enough  scrap  metal  to  build  a  mine 
I  layer  has  been  salvaged  from  the  Cam- 
!  den  plant  of  the  RC.4  Manufacturing 
I  Company  in  the  first  quarter  of  1942, 
according  to  the  Industrial  Salvage 
Section  of  the  Manufacturer’s  Com¬ 
mittee  of  Camden  County.  Metal  sal¬ 
vage  included  steel,  aluminum,  brass, 
bronze,  copper,  lead,  nickel,  tin,  zinc, 
mica  and  other  materials  from  the 
huge  factory  which  is  now  given  over 
to  war  production.  .\  ton  cf  rubber  was 
also  reclaimed  from  the  plant  the  first 
j  day  the  War  Production  Board  sent 
I  out  a  call  for  this  strategic  material,  j 


Technical  Pcrsioiiiicl 

j  .Aiding  in  the  necessary  program  for 
i  operation  and  maintenance  of  the  many  i 
highly  technical  pieces  of  equipment  ^ 
I  which  it  manufactures,  the  Ge/ieral 
'  Electric  Company  has  expanded  its 
1  training  program  to  teach  military  men 
j  and  its  own  employees  how  to  maintain 
I  this  equipment  in  the  field.  In  explain¬ 
ing  the  operation  of  this  program,  Roy 
C.  Muir,  chairman  of  GEC’s  Education 
Committee  said:  “This  is  a  war  of 
science.  A  new  type  of  engineering  is 
required.  Electrical  machines  and  cir¬ 
cuits  must  be  coordinated  with  highly 
complex  mechanical  mechanisms,  op¬ 
tical  systems  and  radio.  Some  entirely 
new  things  have  been  developed. 

“All  that  has  been  learned  in  the  last 
20  years  about  electronics,  frequency 
modulation,  television  and  high-fre¬ 
quency  phenomena  is  now  being  applied 
to  the  airplane  and  warship.  Light¬ 
weight  instruments,  generators,  motors. 


Visible  to  the  enemy? 

•  •  •  Not  by  a  bombsight 

CAMOUFLAGE,  through  a  bomb- 
sight  at  ten  thousand  feet,  pre¬ 
vents  enemy  observers  from  learning 
where  trouble  awaits,  where  pow'er 
is  amassed. 

To  keep  vital  information  from  get¬ 
ting  into  the  wrong  hands,  details 
and  uses  of  many  plastic  products 
must  be  kept  “under  cover.”  But, 
production  is  increasing — new  prod¬ 
ucts  are  being  created  to  give  the 
Axis  trouble — and  lots  of  it. 

Richardson  Plasticians  are  co-oper¬ 
ating  w  ith  designers — helping  manu¬ 
facturers  increase  output.  If  you  have 
a  problem  w’hich  molded  or  lami¬ 
nated  plastics  might  solve,  let  us  give 
you  the  details  about  INSUROK. 


IlNSUROKondtkooxporionceofRicfiordson  | 
Plasticians  are  helping  war  products  pro-  : 
ducers  by:  \ 

!1.  Increasing  output  per  machine-  j 
hour.  i 

!  2.  Shortening  time  from  blueprint  to  j 

production.  I 

3.  Faciliuting  sub-contracting.  I 

4.  Saving  other  critical  materials  for  I 
other  important  jobs.  I 

5.  Providing  greater  latitude  for  de¬ 
signers. 

6.  Doing  things  that  "can't  be  done." 

7.  Aiding  in  improved  machine  and 
product  performance. 

L _ ZI _ 1 

The  Richardson  Company,  Melrose 
Park,  III.;  Lockland,  Ohio;  Sew  Bruns¬ 
wick,  N.  J.;  Indianapolis,  Ind.  Sales 
Offices:  75  West  St.,  Sew  York  City; 
G.  iM.  Building,  Detroit. 

INSUROK 
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ALLIED  RADIO 

833  W.  lACKSON  •  CHICAGO 


THE  RELAY 
FOR  BUiLDING-IN 


H-B  ELECTRIC  CO.,  Inc 

Manufacturers  of  Electrical  Oevicei 

250n  NO.  BROAD  ST.,  PHILADELPHIA,  PA. 


PANORAMIC  RADIO  CORP. 

242-250  W.SSth  ST., NEW  YORK  CITY 

Phone:  Circle  6-9440  Cable:  Panoramic,  NeMYork 


A  separate  building  is  planned  at  one 
plant  to  house  laboratories  and  class¬ 
rooms  for  a  new  course  in  high  fre¬ 
quency  phenomena  to  be  conducted  by 
the  G-E  radio  department.  This  will 
accommodate  100  engineers  at  a  time 
who  will  attend  classes  and  laboratory 
sessions  54  hours  a  week  and  will  also 
prepare  outside  work. 


Although  the  fwimal  opening  of  the 
camp  was  not  scheduled  until  June  6, 
more  than  100  enlisted  men  were  receiv¬ 
ing  initial  instruction  in  aircraft  warn¬ 
ing  at  the  Signal  Corps  School  at  Camp 
Murphy  near  West  Palm  Beach,  Fla., 
weeks  ahead  of  schedule. 


OEPEHOABU 

iF  .  • 

lEO  Catalog- 


Ideal  for 
TESTING  AND 
MONITORING 


;yourone 
SOURCE  c 
ivour  REL 


Increased  wartime  needs  will  speed 
production  of  thousands  of  new  radio 
transmitting  tubes  in  1942  to  help  rein¬ 
force  the  nation’s  military  signal  com¬ 
munications  and  enlarge  shortwave 
broadcasting  facilities,  according  to  an 
announcement  by  Westinghouse  Elec¬ 
tric  &  Manufacturing  Company.  For 
shortwave  broadcasting  stations  fight¬ 
ing  the  Axis  nations  in  a  war  of  air 
waves,  Westinghouse  is  now  producing 
the  largest  air-cooled  transmitting 
tubes  in  existence.  This  is  the  25-kilo¬ 
watt  tube  which,  because  of  its  air 
cooling,  completely  eliminates  the  need 
for  the  water  cooling  system  previously 
employed  for  tubes  of  this  size. 


Indurtrial  app  g^^uipmant. 

Gaar.  _i,*a 

alc.  naad  Iron 

.yarY**'"'9  V®  your 

(ourca.  jy.  for  V? 
0«P»- 


•  Center  frequency  indica¬ 
tion  of  unmodulated  carrier. 


Publications 

Particularly  appropriate  at  the  pres¬ 
ent  time  when  so  many  specifications 
are  being  written  comes  the  announce¬ 
ment  of  the  new  American  Standard 
Tlefinitions  of  Electrical  Terms  (C42- 
1942).  Among  the  70  groups  into  which 
definitions  are  divided  is  included  a 
group  on  electrocommunication,  and 
another  on  electronics.  The  project 
which  has  been  in  preparation  for 
many  years  gives  the  definitions  of 
technical  tei-ms  used  in  electrical  en¬ 
gineering,  including  correlation  of  defi¬ 
nitions  and  terms  in  existing  standards. 
Copies  of  this  standard,  in  a  300-page 
book,  8x11  inches,  may  be  obtained  in 
Fabrikoid  binding  at  $1  per  copy  from 
the  American  Standards  Association, 
33  West  39th  Street,  New  York  City. 


ONLY  ONE  MOVING 


•  Even  harmonic  distortion  in  the 
modulator,  indicated  by  ine¬ 
quality  of  right  and  left  side¬ 
bands. 


PART — NO  AC  HUM  OR 


CHATTER — DIRT  OR  COR 


ROSION  CAN’T  STOP  IT, 


Tested  to  10  million 
operations  without  o 
breakdown,  this  unit  is 
listed  under  the  Re-exam- 
inotion  Service  of  the 
Underwriters'  Laborator¬ 
ies,  Inc.  Write  for  tech¬ 
nical  information.  Ask  for 
bulletin  B;  no  obligation. 


•  Indication  of  frequency  devia¬ 
tion.  Notice  outer  side-band 
87  kc  from  center. 


Addition  to  an  already  imposing  list 
of  mathematical  tables  has  recently 
been  announced  by  National  Bureau  of 
Standards  from  whom  the  tables  are 
available.  Recently  completed  tables  an¬ 
nounced  dur^^g  May  include  Volumes 


•RegisterMl  U.  S.  J’alriit  Offli-i. 

Writ*  For  Freo  Bulletin  of  Information 
Canadian  Rep.  CANADA  MARCONI  Co.Ltd. 
Montreal,  Can. 


/3  and  4  of  t  .e  Table  of  Natural  Log¬ 
arithms  and  Tables  of  the  Moments  of 
Inertia  of  Ordinary  Angles  and  Chan¬ 
nels.  The  Natural  Logarithms  are 
given  to  16  places  of  decimals  from 
0.0001  to  5.0000  in  Volume  3  and  to  an 
equal  number  of  decimal  places  from 
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PANORAMIC  RADIO* 
SPECTROSCOPE 

complicated  control  systems,  armament,  ' 

and  ignition  systems  have  been  de-  r  r  aL*  * 

signed  to  withstand  vibration  and  to  tOt  tVCtythinff  lit 

operate  in  planes  from  sea  level  to  CIa  *  O  D 

high  altitudes  under  widelv  varving  tlCCft^OttlCS  %k  KOulO 

humidity  and  temperature  conditions.” 
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5  to  10  in  Volume  4.  Both  are  priced  at 
$2  each,  and  are  available  from  the  In¬ 
formation  Section,  National  Bureau  of 
Standards,  Washington,  D.  C. 

I 

FCC  Activities 

I 

The  FCC  recently  amended  its  rules  j 
to  permit  licensees  of  commercial  tele¬ 
vision  stations  to  broadcast  but  four 
hours  of  program  service  per  week  in¬ 
stead  of  the  fifteen  hours  weekly,  re¬ 
quired  heretofore.  The  step  was  taken 
to  prevent  recession  of  this  new  art  to  I 
a  purely  experimental  or  laboratory  ! 
stage  and  to  keep  it  alive,  ready  to  I 
flourish  as  a  public  service  after  the 
war  emergency.  This  relaxation,  con¬ 
sistent  with  similar  measures,  previ¬ 
ously  announced  for  relief  of  standard 
broadcast  stations,  will  permit  licensees 
to  conserve  the  life  of  their  equipment, 
particularly  tubes,  and  will  permit  tele¬ 
vision  stations  to  operate  under  condi¬ 
tions  of  greatly  reduced  personnel. 
Licensees  serving  the  same  geographi¬ 
cal  area  are  free  to  arrange  and  alter-  | 
nate  their  program  schedules  so  as  to  l 
increase  the  number  of  programs  avail-  ' 
able  to  the  public  in  their  communities.  I 


National  Broadcasting  Comtany  an-  : 
nounced  a  revised  television  program  i 
schedule  under  which  Station  WNBT  i 
will  be  curtailed  for  the  duration  of  the  | 
war.  The  new  schedule  will  be  reduced 
to  four  hours  a  week,  in  conformity 
with  recently  amended  operating  rules 
of  the  FCC. 


FM 

“Perhaps  no  industry  has  been  more 
affected  by  war  conditions  than  FM 
radio.  Just  at  the  time  a  promising 
audience  was  assured,  the  ban  on  manu¬ 
facturing  of  receivers  and  a  shortage 
of  transmission  parts  froze  the  FM 
picture”  states  Zenith  Radio  in  an¬ 
nouncing  the  outcome  of  their  survey 
“What  about  FM  Radio?”  Returns  to 
the  questionnaire  were  gratifying.  No 
lack  of  interest  was  displayed  by  those 
who  are  definitely  in  the  FM  picture. 
They  were  decidedly  optimistic  about 
the  future  o-f  FM  broadcasting.  But 
others  who  have  not  as  yet  been  in  the 
FM  swim  did  not  match  the  optimism 
of  those  already  on  the  air.  The  survey 
says  the  average  FM  stations  today  is 
on  the  air  111,  hours  per  day,  and  w’hile 
it  is  licensed  to  use  13,190  watts  out¬ 
put,  it  is  utilizing  only  about  5,950 
watts  because  of  incomplete  equipment. 
A  few  stations  now  under  construction 
have  definite  plans  for  going  on  the 
air,  despite  curtailments,  and  August, 
September  and  November  will  each 
see  an  FM  debut.  The  survey  is  sum¬ 
marized  with  an  optimistic  note,  with 
these  words  “The  prominence  of  FM 
in  the  military  picture  promises  much 
advancement  and  general  spreading  of 
knowledge  of  high  frequency  radio 
among  communications  men.” 


Decreases  in  resistance  with  increase  in  temperature 

4  PRACTICAI.  APPLICATIONS 


1.  Compensate  ior  positive  resistance  changes  in  a  circuit 
due  to  temperature  variations. 

2.  As  a  remote  unit  in  a  temperature  indicating  device. 

3.  Provide  various  degrees  oi  time  delay  in  electrical  units. 


4.  Reduce  or  eliminate  initial  current  surges.  (For  illustra¬ 
tion  oi  these  applications.  Form  R-lOO  will  be  sent  on  request) 


ManuJacturers  of 
Precision  Moulded  Products. 


KEYSTONE  CARBON  CO.,  INC. 


1935  STATE  ST.  SAINT  MARYS,  PENNA. 


APPROVED  by  U.  S.  SIGNAL  CORPS 
BRANDING  by  ROGAN  on  PLASTICS! 


"Tested  and  found  to  comply  as  an  "or  equal' 
to  engraving  now  called  for  in  specifications  . . 

'A'  Above  excerpt  from  the  U.  S.  Signal  Corps  Ap¬ 
proval  offers  convincing  evidence  that  Rogan  "deep 
relief"  branding  on  phenolic  or  other  plastic  parts 
achieves  results  equal  to  engraved  markings.  Of  greater 
importance,  Branding  by  Rogan  permits  the  use  of 
simple,  fewer  cavity,  less  costly  molds. 


I 


r 


Branding  on  Plastics  Will 
Speed  Your  War  Production! 

Fewer  molds  are  required  where  parts  are  in¬ 
terchangeable,  save  for  different  markings  for 

specific  uses.  Eliminates  costly  new  molds  and 
time-consuming  mold-making  operations.  Permits 

use  of  blank  stock  parts. 

<  1' 
'  o: 

See  accompanying  illustrations  showing  "deep- 
relief  markings  branded  on  curved  surfaces  and 
hard-fo-gef-at  places.  Try  this  faster,  big  money¬ 

saving  process  now. 

H«at  Control 
Unit  Branded 
by  Rogan 

Get  New  Fully  Descriptive  Circular.  No  Obligation.  Write 


Calculating  Davica  Part 
Branded  by  Rogan 


ROGAN  BROTHERS 


2003  S.  Michigan  Ave., 
Chicago,  Illinois 


EASTERN  PLANT:  154  Lawrence  St.,  Brooklyn,  N.  Y. 


I 
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tinooHtyx,  \nt  yonn,  I'.s.x. 

•  0«-*ciCES  IN  PfMNCif’Al., Cities  • 


on  special  orders  with 
rigid  specifications 


Complete  machine 
shop  and  laboratory 
facilities. 


HARVEY  100-XE.  lOO-Vratt  Transmitter.  Rapid  frequency 
shift.  10  Crystal-controlled  frequencies.  Withstands  extreme  climatic  conditions. 


445  CONCORD  AVENUE,  CAMBRIDGE,  MASS. 


that  katidleA 


C  o  ▼  •  r  s  resistance 
range  oi  1  ohm  to 
999,999  ohms.  Up  to 
1000  T.  max. 


Each  decade  dissi¬ 
pates  up  to  225  watts. 
Greenohms  (w  i  r  e  - 
wound  cement-coated 
power  resistors)  used 
throughout.  Glass- 
insulated  wiring. 


Six  decade  switches 
on  sloping  panel. 


Max.  current  per  dec¬ 
ade:  5,  1.5.  .5.  .15. 
.05  and  .005  amp. 


'A'  Since  its  introduction  a  couple  of  years  ago,  the  Clarostat  Power 
Resistor  Decade  Box  has  become  a  "must"  among  engineers, 
laboratory  workers,  maintenance  workers  and  others.  The  correct 
resistance  ralue  for  any  application,  under  working  conditions,  is 
determined  by  the  mere  twist  of  the  knobs.  Direct  reading.  No 
calculations,  no  guesswork,  no  time-consuming  routine  required. 

'A'  Write  for  descriptive  literature. 


Handsome  irosted- 
qray  metal  case. 
Etched  black  and 
aluminum  panel. 
Dual  input  binding 
posts  tor  left  and 
right-hand  duty. 


Grille  at  bottom  and 
louvres  at  side  for 
adequate  ventilation. 
Baffle  plate  protects 
switch  mechanism. 


FM’s  AUDIENCE  WILL  BE  increased  now 
that  college  radio  stations,  operating 
as  members  of  the  Intercollegiate 
Broadcasting  System  will  carry  regular 
FM  broadcasts.  Arrangements  are  be¬ 
ing  made  to  coordinate  the  IBC  into 
an  actual  “network”  by  using  the  FM 
chain.  Programs  originating  from  New 
York  can  be  carried  to  every  FM  sta¬ 
tion  of  the  existing  chain,  and  re¬ 
broadcast  to  the  students  of  the  IBS 
member  stations  located  in  the  New 
England  and  Middle  Atlantic  States. 
By  affording  colleges  the  first  actual 
network  to  be  established,  FM  trans¬ 
mission  of  college  programs  presents 
good  commercial  opportunities  to  na¬ 
tional  advertisers  interested  in  the 
college  market. 


Replacement  Parts  System 

The  Defense  Communications  Board 
announced  that  it  had  recommended  to 
the  War  Production  Board  approval 
of  a  plan  initiating  a  cooperative  pool 
of  replacement  equipment  for  the 
broadcast  industry.  The  DCB  further 
recommended  that  the  FCC  be  delegated 
authority  to  administer  those  portions 
of  the  plan  calling  for  centralized  ad¬ 
ministration  by  the  Government.  Such 
a  plan  could  operate  only  with  the  full 
cooperation  of  the  broadcasters  and  this 
cooperation  is  assured  since  the  plan 
was  prepared  and  submitted  to  the 
DCB  by  the  Domestic  Broadcasting 
Committee  of  the  Board.  The  operation 
of  the  plan  ought  to  go  a  long  way  to 
relieve  the  priorities  problem  now  con¬ 
fronting  the  900-odd  broadcasting  sta¬ 
tions  in  repair  and  maintenance  mate¬ 
rials. 


Mathematicians  ami 
Engineers 

Higher  mathematics,  applied  by  a 
few  .scholars  in  the  nation’s  industrial 
laboratories,  are  making  an  important 
addition  to  the  total  of  America’s  in¬ 
dustrial  might,  according  to  Dr.  T.  C. 
Fry,  director  of  mathematical  research 
of  the  Bell  Laboratories.  An  outstand¬ 
ing  example  of  the  value  of  mathe¬ 
matics  to  the  national  defense  effort  is 
its  use  in  aeronautics.  About  100,000 
hours  of  mathematical  study  go  into 
the  design  of  modern  four-motor  trans¬ 
port  planes — about  one  hour  out  of 
every  six  spent  on  the  job. 

Research  mathematicians  are  also 
busy  helping  engineers  discover  new 
oil  fields,  make  telephone  lines  carry 
more  conversations  and  “talk  better,’’ 
and  build  better  and  more  efficient  ma¬ 
chinery  of  many  kinds.  There  are 
many  situations.  Dr.  Fry  said,  where 
the  mathematician  and  engineer  work¬ 
ing  hand  in  hand  can  design  a  better 
machine,  or  build  it  quicker  and  cheaper 
than  the  engineer  can  do  it  alone.  The 
single  sideband  telephone  system  in¬ 
volves  only  a  single  trigonometric 
equation,  he  observed. 
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fO  CAPS 


JOHN  C.  DOLPH  COMPANY 


JAMES  G.  BIDDLE  CO. 

Electrical  Instruments 
1211-13  Arch  Street  Philadelphia,  Po, 


Iruultltng  V»rni%h  Spccialistf 


169-A  Emmet  St.,  Newark,  New  Jersey 


Civilian  Defense 
Conimnnieations 


I’lTTBlFUJiA 


mission,  working  closely  with  the  umce 
of  Civilian  Defense,  has  drafted  and 
placed  in  effect  a  War  Emergency 
Radio  Service  Plan  under  which  am¬ 
ateur  and  other  available  gear  as  well 
as  operating  manpower  idle  since  De-  j 
cember  7  may  be  utilized  for  emergency 
communications.  Applications  for  the  I 
required  special  station  and  operator 
licenses  will  be  accepted  by  the  FCC 
only  from  properly  accredited  defense 
organizations. 

Defense  stations  are  to  operate  ex¬ 
clusively  in  the  u-h-f  bands,  namely 
112-116  Me,  224-230  Me  and  400-401 
Me.  Required  transmitter  stability 
ranges  from  0.1  to  0.3  of  one  percent. 
Emission  may  be  type  A-0,  A-1,  A-2, 
A-3  or  frequency  modulation  with  100 
kc  maximum  swing.  Pow’er  is  limited 
to  25  watts  input.  Once  licensed,  equip¬ 
ment  may  not  be  altered  without  ap¬ 
proval.  Station  licenses,  blanketing 
portable  and  mobile  as  well  as  fixed 
units,  will  be  good  for  one  year. 

Volunteers  to  whom  defense  organ¬ 
izations  recommend  issuance  of  special 
operator’s  licenses  must  already  hold 
some  form  of  license.  Any  class  of 
license  except  restricted  radiotelephone 
will  be  considered  satisfactory.  Special 
operator’s  licenses  will  be  good  for  the 
duration  and  six  months  thereafter. 

There  will  be  two  classes  of  defense 
stations,  those  operated  under  the  au¬ 
thority  of  cities,  towns  and  counties 
and  called  “Civilian  Defense  Stations” 
and  those  operated  under  the  wing  of 
states,  U.  S.  territories  or  possessions 
and  called  “State  Guard  Stations.” 
Civilian  Defense  Stations,  which  may 
by  mutual  agreement  serve  several  com¬ 
munities,  will  be  permitted  to  handle 
essential  communications  relating  to 
civilian  defense  during  and  immediately 
following  actual  air-raids,  impending 
air-raids  and  other  enemy  military  op¬ 
erations  or  acts  of  sabotage.  Drills  will 
be  permitted  during  practice  alerts, 
blackouts  and  mobilizations  staged  by 
local  defense  or  military  authorities. 
Testing  will  be  permitted  during  a 
designated  two-hour  period  on  Sundays 
until  November  1  and  on  W'ednesdays 
and  Sundays  thereafter.  State  Guard 
Stations  may  be  operated  during  emer¬ 
gencies  endangering  life,  public  safety 
or  important  property  or  for  essential 
communications  related  to  state  guard 
activities  where  other  facilities  do  not 
exist  or  are  inadequate.  Networks  may 
include  police,  forestry,  special  emer¬ 
gency  and  marine  fire  stations.  Four 
hours  of  testing  is  permitted  weekly. 

Station  and  operator  license  applica¬ 
tions  have  been  prepared  by  the  FCC, 
as  well  as  booklet  60726  stating  rules 
and  regulations  governing  the  new 
emergency  radio  service.  This  material 
is  available  to  potential  operators^ of 
emergency  stations  but  it  is  recom¬ 
mended  that  such  operators  ccmsult  lo¬ 
cal  defense  officials  before  applying  for 
it  as  defense  groups,  in  any  event,  must 
file  the  actual  applications  for  licenses. 


IQU/VAlfMTS 


After  Test 


You  mall*  sur*  of  fus*  •fficiancy  and  d*p*nd- 
ability  whan  you  choos*  LITTELFUSES,  th* 
standard  of  tpacificafions  wh*r*v*r  fut*  quality 
is  most  important.  And  you  sav*  mon*y.  For 
Litt*lfus*s  ar*  d*siqn*d  to  giv*  sarvic*  until 
thay  blow — not  disintagrat*. 


SYMTHITE*K) 

(R»  INSUUTOR) 

lobes  immetsed 
inSXsoiufion 
ofCbu^Sodo 

^  SAhmrs 


facts  about  Lit- 
taifus*  Patant- 
ad  Lockad  Cap 
Assam  b  I  y  , 
pravants 
caps  fly- 

off — Littal- 
fus*  Goosa- 
which 
takas  up  con- 
and 

axpansion —  Lit- 
taifus*  Twistad 
Elamant  which 

bracas  against  savar*  vibration.  Littalfusas  ar* 
not  ordinary  fusas — but  an  afficiant  mastar-piac* 
of  sciantific,  aquipmant-saving  structura.  Sand 
for  complat*  catalog  of  Littalfusas  and  mount¬ 
ings  for  ovary  duty. 

"Use  more  Uttelfuses  end  prolong  life  of 
insfruments,  motors,  and  other  raluable  Im- 
possible-to-replace  equipment." 

225  Ong  St.,  El  Monte  (Suburb  of  Los  Angeles.  Calif.) 


SYNTHITE  m  RED 
INSULATING  ENAMEL 


★  In  an  actual  test  conducted  to 
determine  the  caustic  resistance  of 
SYNTHITE  #10  Red  Insulator  and 
competitive  red  oilprmif  enamels,  the 
results  were  as  illustrated  above. 
Tubes  were  immersed  in  solution 
of  caustic  soda  (NaOH)  for  24  hours. 
SYNTHITE  #  10  showed  no  sign  of 
breakdown,  and  was  found  to  possess 
the  same  high  gloss  as  before  the  test. 
Application  of  SYNTHITE  #10  is 
simple,  and  has  excellent  adhesion  to 
clean  surfaces.  It  is  oilprtxjf  and 
waterprtxjf,  has  extremely  high  dielec¬ 
tric  strength  and  high  arc  resistance. 
East  air  drying;  for  both  interior  and 
exterior  use. 

_ FOR  BRUSHING 

OR  SPRAYING 

sulacing  Enamels  are  fur- 
nished  at  brushing  con- 
sistencies,  they  can  be 
I  reduced  with  IX)LPH’S 

- - - -  if- 170  Thinner  for  spray 

gun  use.  Write  today 
for  the  new  DOLPH 
',^1  Handbook  describing 

the  complete  line  of 
insulating  varnishes  — 
their  advantages,  prop- 
' - ^ ,  erties  and  applications. 


WHITE  LIGHT  from  a 
MINUTE 
SOURCE 


LAMPS 


Pointolite  Lamps  produce  an  in¬ 
tensely  brilliant  and  perfectly 
steady  light  from  a  very  small 
source  and  give  an  evenly  dis¬ 
tributed  field  of  illumination. 
They  have  important  applica¬ 
tions  in  laboratories  of  Physics, 
Chemistry,  Biology,  Audio,  In- 
dustrial-Elearonic,  Mechanical 
and  Electrical  Engineering,  etc. 
Available  in  various  candle- 
power  sizes. 

Bulletin  1630-E  lists  sizes 
from  30  to  1000  c.p.  for  direct 
current  and  1 50  c.p.  for  alternat¬ 
ing  current  together  with  auxili¬ 
ary  control  devices.  Write  for  a 
copy  today. 
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NEW  PRODUCTS 


This  two-to-one  increase  is  obtained 
with  a  possible  slight  loss  in  accuracy 
on  the  higher  ranges,  because  a  high- 
resistance  voltage  divider  is  employed 
in  the  d-c  output  circuit  of  the  diode 
rectifier.  On  the  0.3,  1,  3  and  10-volt 
ranges  the  sensitivity  is  largely  deter¬ 
mined  by  wire-wo^lnd  resistances  of 
relatively  low  value.  The  high-resis¬ 
tance  divider  is  used  on  the  30,  100,  and 
300-volt  ranges  only.  The  limits  of  ac¬ 
curacy  of  these  upper  three  ranges  are 
rated  at  5%  of  the  full  scale  instead  of 
an  approximate  rating  of  2%  limit  for 
the  1,  3,  and  10-volt  ranges,  to  allow 
for  possible  slow  or  seasonal  drift  in 


Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  measuring  equipment;  issue  new 
technical  bulletins,  new  catalogs.  Each 
month  descriptions  of  these  new  items 
will  he  found  here 


tern  described  in  6-R’s  Experimenter,  July 
1940.  Types  727-A  and  726-A  operate 
toelec-  from  the  lowest  audio  frequencies  up  ^ 

A28L  through  the  moderately  high  radio  fre- 
over  quencies  beyond  100  Me.  Both  are 
;e  pro-  intended  to  cover  as  wide  a  voltage 
of  350  range  as  is  reasonably  practicable  over  • 

>  com-  such  a  wide  frequency  band.  _ 

efense  In  the  new  instrument  the  stability 
If  the  of  the  battery  power  supply  makes  it 
ers  or  possible  to  increase  the  sensitivity  sub- 
stantially  without  fluctuations  or  zero 

^  drift  becoming  bothersome.  The  most  ^  '  ^HIs. 

sensitive  range  gives  full  scale  deflec-  Bm 

tion  on  300  millivolts,  with  50  millivolts  JpB  ^ j-r*~ 

easily  readable.  On  Type  726-A  meter 
the  most  sensitive  range  is  1.5  volts  full 
scale,  and  0.1  volt  is  the  lowest  cali-  ’ 

brated  i>oint.  The  new  instrument  is  the  divider  ratio.  The  maximum  ac- 
particularly  convenient  where  readings  curacy  (to  within  2%)  can  be  realized 
BB‘.  of  the  order  of  a  few  tenths  of  a  volt  also  on  the  high  ranges  if  the  setting 

^B  are  to  be  made.  of  the  internal  calibration  adjustments 

The  high  voltage  range  of  the  new  for  these  ranges  can  be  checked  occa- 


saboteurs,  the  photoelectric  control  con¬ 
tacts  close  causing  several  things  to 
happen  such  as  sounding  alarms,  oper¬ 
ating  a  central  station  system,  turning 
on  flood  lights,  closing  gates,  etc. 

The  control  is  provided  with  a  latch¬ 
ing  unit  including  a  push-button  station 
which  may  be  located  in  the  gate  house, 
office,  or  other  convenient  point.  This 
serves  to  latch  the  alarm  in  operation, 
once  the  light  beam  has  been  momentar¬ 
ily  broken,  until  the  reset  button  is 
operated.  The  unit  is  unaffected  by 
changes  in  local  light  and  will  operate 
twenty-four  hours  a  day.  The  relay 
contacts  are  pure  silver  and  will  handle 
15  amps  a.c.,  and  8  amps  d.c.  The  con¬ 
trol  operates  from  115  volts  a.c. 

Photoswitch  Inc.,  21  Chestnut  Street, 
Cambridge,  Mass. 


FIELD  X-RAY  FOR  THE  ARIVIY 


Portable  Vacuum-Tube 
Voltiuieter 

Type  727- A  is  a  new  general  purpose 
vacuum-tube  voltmeter  which  is  battery- 
operated,  portable,  and  is  design^ 
particularly  for  use  in  the  field.  It  is 
similar  in  appearance  and  general  con¬ 
struction  to  Type  729-A  Megohmmeter 


Th*  Picksr  X-roy  field  unit  U  shown  dismantled  and  ready  for  packing.  All 
the  ports  shown  can  be  ploced  in  the  standard  U.  S.  medical  chest  in  less 
than  seeen  minutes.  The  packing  is  designed  to  protect  the  equipment  from 
Injury  even  in  cross-country  travel 


ELECTRONICS 


ELECTRO-VOICE  MFC.  CO.,  Inc 


1239  SOUTH  BEND  AVENUE  SOUTH  BEND.  INDIANA 

Export  Otfice;  100  VARiCK  STREET,  NEW  YORK.  N.  Y. 


METAL  DUPLICATING 

'fiMthout  i)JjeA 


tained  in  The  General  Radio  Experi¬ 
menter,  Volume  XVI,  No.  12.  Included 
in  the  booklet  are  frequency  character¬ 
istic  charts  for  both  meters,  as  well  as 
a  schematic  circuit  diagram  of  Type 
727-.4  voltmeter. 

General  Radio  Ck)mpany,  30  State 
Street,  Cambridge  A,  Mass. 


Iii8ulating  Enamel 


Synthite  No.  10  red  insulator  is  an 
air  drying  insulating  enamel  which  will 
protect  control  or  selonoid  coils  and 
other  products  from  attacks  of  acid  and 
alkali.  A  single  application  provides  a 
tough,  bright  red,  glossy,  oil  and  water¬ 
proof  film  which  offers  maximum  resis¬ 
tance  to  the  attack  of  corrosives.  The 
manufacturer  tells  of  a  test  which  was 
made  in  their  laboratory  recently.  One 
coat  of  enamel  was  applied  to  a  glass 
tube  which  was  baked  and  immersed  in 
a  3%  caustic  solution  for  24  hours. 
There  were  no  signs  of  deterioration 
and  the  insulator  adhered  tightly  to 
the  glass  tube,  retaining  its  high  gloss. 

The  enamel  may  be  used  as  inside  or 
outside  protective  coating  for  motor 
windings,  commutator  end  bars  or  for 
any  application  where  a  tough,  high 
gloss,  bright  red  finish  is  desired.  The 
material  provides  a  build  up  of  5  mils 
per  coat,  with  a  dielectric  strength  of 
over  850  volts  per  mil. 

A  specification  sheet  and  a  descrip¬ 
tive  folder  is  available  from  John  C. 
Dolph  Co.,  168  Emmett  St.,  Newark, 
N.  J. 


Civilian  aviation  is 
part  of  our  war  effort 

The  patrolling  our  skies  and  our  shores  —  as  well 

as  the  giant  transports  ferrying  much -needed  materials  — 
must  all  be  equipped  for  two-way  radio  communication. 


Vtce  MICUOPHONES 


serving  in  these  civilian  craft  — are  vital  units  in  our  war 
production  schedules. 


Tifgy  l¥ANT  IT 
FINISHED  YESTERDAY 

says  Albert  Kahn 


High  Voltage  Filter 
Capacitors 

Type  XJ  capacitors  provide  a  wide 
range  of  capacities  in  d-c  voltage  rat¬ 
ings  from  6000  to  25000.  The  contain¬ 
ers  are  of  heavy  gage  steel,  welded  oil 
tight  and  hot  tinned.  Wet  process  in¬ 
sulators  are  pro'portioned  to  withstand 
potentials  in  excess  of  the  rated  volt¬ 
age  of  the  capacitors.  The  case  and 


...  and  they  come  close  to  getting  it!  There’s 
/  no  such  word  as  "can’t”  in  this  great  archi- 
tect’s  vocabulary.  He  meets  almost  imp<»- 
^  sibledeadlinesbeforethey’reduelTyphonite 
Eldorado  deserves  some  of  the  credit.  Let 
Typhonitc  ELDORADO’S  smooth,  opaque, 
uniform  lines  speed  up  your  work,  too! 

Pencil  Sales  Dep’t  59- J7,  Joseph  Dixon  Crucible  Co.,  Jersey  City,  N.  J. 


Uicra  of  Di-Acro  Precision  Machines — Shears.  Brakes, 
Benders — are  constantlv  showinj  lu  new  time-saving,  cost- 
cutting  applications,  in  experimental  work,  for  making 
small  quantities  of  parts — or  eseo  production  runs.  They 
often  save  expense  and  delay  of  making  dies,  or  parts  of 
progressive  die  sets.  They  do  many  things  dies  eannot  do. 
Photo  (courtesy  Minneapolis — 

Honeywell)  shows  Di-Acro  Shear 
No.  which  squares  up  stamp- 
ings.  cuts  s'rips,  makes  slits  or 
noteboa.  All  work  accurate  to  .001". 

Nnw  Catalog 

It  shows  Di-Acro  Shears,  lirakes. 

Benders.  Illustrates  many  parts 
which  ran  be  made  with  this 
creative,  flexible  system  of  "kletal 
Duplicating  Without  Dies*’ 

O'NEIL-IRWIN  ME«.  CO. 

321  8th  Ave.  S..  Minneapolis.  Minn.  ^  '■J*  J 


terminals  are  bonded  together  by  gasket 
material  treated  to  insure  an  oil  tight 
joint  under  extreme  temperature  con¬ 
ditions.  After  the  completed  stack  is 
permanently  assembled  in  the  case,  a 
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Pemopivots 


Precision  mstrumcHts 


ERMOPiVOTS*  are  tipped  with  PEaMOMETAL*, 


a  epeeial  precioat  melaU  alloy  having  extremely  wear-reaitlant 


qualiliei — non-corroding  and  non-abra«ive. 


PERMOPIVOTS  are  accurately  made  by  very  precise  method 


to  meet  the  most  exacting  speciScations.  ^’hether  the  applica¬ 
tion  is  for  liquid  filled  compasses  or  milliameters,  PERMO¬ 
PIVOTS  will  increase  the  life  of  the  instrument  and  maintain 
accuracy  for  a  longer  period  of  time.  It  is  often  possible 
to  eliminate  oils  for  lubrication  due  to  the  extremely  low 
coeScient  of  friction  with  Pxbmometai.. 


PERMOPIVOTS  are  available  from  magnelic 
or  non-magnetic  shaft  materials. 


PERMO  PRODUCTS  CORPORATION 

M27  RAVENSWOOD  AVE..  CHICAGO 

MANUFACTURING  METALLURGISTS 


Write  today  for  descriptive  folder  “PER¬ 
MOPIVOTS  of  Pexmometal” — gives  valu¬ 
able  information  for  engineers  confronted 
with  problems  on  pivots — especially  those 
designing  instruments  for  Army  or  Navy. 
Your  copy  will  be 
mailed  free  for  the 
asking. 


*Trade  Mark 


6n 

AID  NATIONAL  DEFENSE 


ARBOTT  INSm»*B«T 
jivaA  umai 

MOOCt  Tt  * 


TR-4,  the  272  meter  UHF  wizard, 
doing  its  big  bit  with  our  Armed 
Forces,  Let  us  help  solve  YOUR 
Transmitter-Receiver  problems  .  .  . 


pivot  bearings)  this  non-magnetic  series 
1  has  races  and  balls  manufactured  of 
i  Berylco  No.  25,  a  patented  Beryllium 
copper  alloy  which  is  hardened  after 
I  machining  by  heat  treatment  to  ap¬ 
proximately  40  Rockwell.  All  dimen¬ 
sions,  tolerances  and  prices  are  similar 
to  SAE  52100  chrome  steel  bearings  and 
are  more  thoroughly  described  in  Cata¬ 
log  No.  41  available  from  the  manu¬ 
facturer,  Miniature  Precision  Bearings, 
Keene,  N.  H. 


Ceramic  Coil  Forms 

“Crolite”  coil  forms  are  made  to  spe¬ 
cifications,  in  any  diameter  up  to  3i 
inches,  in  lengths  up  to  6  inches,  if 
necessary,  and  in  wall  thicknesses  of 
from  i  to  more  than  1  inch.  These  coil 
forms  may  be  had  plain  for  holding  in¬ 
sulated  wire,  or  grooved  to  take  so  many 
turns  of  a  given  size  of  wire  per  run¬ 
ning  inch.  The  helical  groove  is  avail¬ 
able  in  single,  double  and  triple  (groove 
within  groove  for  multiple  windings) 
grooves.  Mountings  can  be  made  either 
integral  with  the  coil  forms  or  as  sep¬ 
arate  pieces.  Spool  shapes  can  be  made, 
particularly  multiple  spool  forms  or 
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8  WEST  II  STREETkNEW  YORK,  N.  Y 


long  vacuum  drying  and  impregnating 
process  is  performed  to  eliminate  the 
possibility  of  short  life  caused  by  the 
breakdown  of  air  trapped  in  the  wind¬ 
ings.  Vacuum  mineral  oil  impregnant 
aids  in  obtaining  low  leakage  current 
and  negligible  capacity  change  over  a 
wide  range  of  operating  temperature. 
The  capacitors  are  available  in  6000 
volts  d-c  operating  in  capacities  of 
from  2  to  10  and  in  25000  volts  d-c 
operating  in  capacities  of  from  0.25 
to  1.0  Mf. 

Solar  Manufaccuring  Corp.,  Bay¬ 
onne,  N.  J. 


Non-Magnetic  Precision 
Bearings 

These  bearings  may  be  used  in  places 
where  a  magnetic  bearing  would  intro¬ 
duce  instrument  variations.  Designated 
as  types  NM4,  NM5,  and  NM3P  (cor¬ 
responding  to  the  manufacturers  No.  4 
and  No.  5  radial  bearings,  and  No.  3P 


forms  with  a  number  of  sections  for 
separate  adjacent  windings.  The  coil 
forms  can  be  extruded  to  tolerances  of 
17e  or  0.005  inch.  Two  types  of  bodies 
are  available  in  either  Crolite  29  which 
is  an  all-round  severe-service  ceramic 
used  for  coil  forms  because  of  its  good 
electrical  properties,  particularly  low 
dielectric  loss,  with  high  mechanical 
strength,  and  Crolite  7  (which  can  be 
extruded  only)  which  is  suggested  for 
use  where  the  coil  forms  are  subject  to 
severe  heat  shock  such  as  in  soldering- 
iron  or  heating-element  applications. 
Crolite  has  a  smooth,  clean  finish  and 
is  usually  used  without  glazing  for  most 
coil  forms,  although  it  can  be  glazed  in 
standard  white,  if  desired. 

Henry  L.  Ci'owley  &  Company,  West 
Orange,  N.  J. 


a  really  high-powered 


#  Finding  the  right  resistor 
for  a  specific  application  is 
likely  to  be  no  easy  problem. 
Because  the  solution  so  often 
is  found  in  Globar  Brand 
Ceramic  Resistors  we  urge 
you  to  acquaint  yourself  with 
the  distinctive  qualities  of 
these  versatile  resistors. 

The  handy  chart  below  shows 
types  available,  together  with 
their  characteristics.  O 


IVotez 

Th«  Library  comprltat 
a  talacfion  of  books 
cullad  from  loading 
McGraw-Hill  publica¬ 
tions  In  tha  radio 
fiatd. 


Four-Pole  Aircraft  Relay 

A  NEW  FOUR-POLE  RELAY,  designated 
CR2791-G100K,  has  been  added  to  the 
line  of  control  devices  for  aircraft  ap¬ 
plications.  Features  of  the  new  relay 
are  light  weight,  permanence  of  contact 
position  and  assurance  of  operation  un¬ 
der  severe  vibration  conditions,  and  op¬ 
eration  at  high  altitudes  at  rated  cur¬ 
rent.  The  relay  has  a  maixmum  contin- 


aspMlally  Misetsd  by  radio  tpoelallsti  of 
McGraw-Hill  aubllcatloni 


OUMETEa 

MIN. 

MU. 


LENGTH 

MIN. 

MAX. 


These  books  cover  circuit  phenomena,  tube 
theory,  networks,  measurements,  and  other 
subjects — give  specialised  treatments  of  all 
fields  of  practical  desisn  and  application.  They 
are  books  of  recognised  position  in  the  litera¬ 
ture — books  you  will  refer  to  and  be  referred 
to  often.  If  you  are  a  practical  designer,  re¬ 
searcher  or  engineer  In  any  field  based  on  radio, 
you  want  these  books  for  the  help  they  give  in 
hundreds  of  problems  throughout  the  whole 
field  of  radio  engineering. 

5  volumes,  3559  pages,  2558  illustrations 

Eastman’s  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  edition 
Terman’s  RADIO  ENGINEERING,  2od 
edition 

Everitt’s  COMMUNICATION  ENGI¬ 
NEERING,  2nd  edition 
Hund  s  HIGH  FREQUENCY  MEASURE¬ 
MENTS 

Henney’s  RADIO  ENGINEERING  HAND¬ 
BOOK,  3rd  edition 

SPECIAL  LOW  PRICE  •  EASY  TERMS 

Special  price  under  this  offer  less  than  cost 
of  books  bought  separately.  In  addition,  you 
have  the  privilege  of  paying  In  easy  Install¬ 
ments  beginning  with  $3.00  in  10  days  after 
receipt  of  books,  and  $3.00  monthly  thereafter. 
Already  these  books  are  recognised  as  standard 
works  that  you  are  bound  to  require  sooner  or 
later.  Take  advantage  of  these  convenient 
terms  to  add  them  to  your  library  now. 

FOR  10  DATS  EXAMINATION  SEND  THIS 
* . ON-APPROVAL  COUPON . . 


RESISTANCE 

per  In.  of 
Isngth 

MIN. 

MAX. 


5  elMic  1  shm 
IS  meg.  1000 

ehmt 


NORMAL 
RATING 
w.  «q.  In.  ef 

radioing 

H(rf. 


*By  artificial  cooling  thcK  ratinga  may 
be  incrcaacd  tubatanlially 

Characteriatic  Coefficient 

Typa  At  Commercial  atraisht  line 
Voltage  and  Temperature 

Type  St  Negative  Voltage 

Negative  Temperature 

TypsOt  Cotncncrcial  ttrAtght  line 
Voltace  and  Temperat'ire 

TarmliMb:  All  type*;  Metah/ed  enda 
with  or  without  wire  leado 


uous  current  rating  of  10  amp  at  12 
or  24  volts  d.c.,  and  a  maximum  make 
or  break  current  rating  of  50  amp  at 
12  or  24  volts  d.c.  The  normally  open 
contacts  have  a  tip  travel  of  it  inch. 
Coil  wattage  is  1.80.  The  relay  weighs 
0.281  pound,  and  its  dimensions  are 
2J  X  Is^a  X  1.1 3  inches. 

General  Electric  Company,  Schenec¬ 
tady,  N.  Y. 


In  addition  to  these  standard 
items,  special  resistors  can  be 
made  to  meet  definite  specifi¬ 
cations  both  as  to  shape  and 
characteristics.  Ask  for  Bul¬ 
letin  R  and  give  us  details  of 
your  requirements. 

Glohar  Division 


McGraw-Hill  Book  Ca..  330  W.  42nd  St.,  N.  Y. 

Send  me  Radio  Englneerlns  Library  for  10  day*' 
examination  on  approval.  In  10  day*  I  will  lend 
$3.00  plus  few  cent*  poetage,  and  $3.00  monthly  till 
$34  Is  paid,  nr  return  books  postpaid.  (We  pay 
postage  on  orders  accompanied  by  remittance  of 
flryt  Installmeut.  1 


Culler-Retriever 

Called  “Long-Nosed  Cutter-Re¬ 
triever”  this  accessory  will  cut  wire  or 
retrieve  nuts,  bolts,  etc.,  at  inaccessible 
points.  It  is  of  light  weight,  flat,  and 
easily  slips  into  a  belt  or  holster.  To  cut 
wire  the  operator  places  the  wire  be¬ 
tween  the  cutting  edges  located  at  one 
end  of  the  pistol  and  snips  off  the  wire 
by  pressing  down  the  trigger,  located  on 


Name 


Address 


’CArbomiidum  Mid  Glohar  arc  r«|i(ifit«rad 
trada-marliftofand  indic-«t^  manufMctora 
by  Th«  Carborundum  UompMiy. 


city  and  Stair 


Position 


Company 


ELECTRONICS 


the  other  end,  which  actuates  a  rod  op¬ 
erating  inside  the  barrel  of  the  pistol. 
The  leverage  ratio  is  15  to  1,  and  prac¬ 
tically  no  thumb  pressure  is  required 
to  operate  the  trigger.  To  retrieve 
bolts,  or  other  hardware  which  may 
have  dropped  into  an  inacessible  place, 
the  barrel  is  merely  poked  into  the 


. . .  THAT  WHERE  REQUIRE- 
MEHTS  ARE  CRITICAL 

KENYON 

TRANSFORMERS 

ARE  SPECIFIED 


hard-to-get-at  place,  the  trigger  brought 
downward  and  the  cutters  pick  up  the 
missing  part. 

Pack-Rite  Machine  Corp.,  828  North 
Broadway,  Milwaukee,  V’is. 


KENYON  TRAMSFORHER  CO 

840  BARRY  STREET  NEW  YOR 


Literature- 


NEW  YORK.  N.  Y. 


Bibliography.  “Bibliography  on  Circuit- 
Interrupting  Devices,  1928-1940”  is  a 
special  publication  sponsored  by  Ameri¬ 
can  Institute  of  Electrical  Engineers 
Committee  on  protective  devices.  It  in¬ 
cludes,  for  the  period  1928-1940  inclu¬ 
sive,  practically  all  material  on  the  sub¬ 
ject  published  in  the  American  trade  and 
technical  press,  and  the  principal  ar¬ 
ticles  published  in  other  countries.  The 
content  of  the  bibliography  includes 
separate  sections  on  air  circuit  break¬ 
ers,  oil  circuit  breakers,  water  circuit 
breakers,  rapid  reclosing  circuit  break¬ 
ers,  recovery  voltages  circuit  breakers, 
general  and  miscellaneous  circuit 
breakers,  enclosed  switchgear,  air 
switches,  bus  bars,  and  fuses  and  fuse 
protection.  Available  from  A.I.E.E. 
headquarters,  33  West  39th  Street,  New 
York,  N.  Y.,  at  40  cents  per  copy  to 
Institute  members  (80  cents  to  non¬ 
members),  subject  to  a  20  per  cent  dis¬ 
count  for  quantities  of  10  or  more 
mailed  at  one  time  to  one  address.  Re¬ 
mittances  should  accompany  orders. 


depending  on  design  and  priorities. 

Send  us  your  inquiries, 

THOMAS  &  SKINNER  STEEL  PRODUCTS  CO 

1127  E.  23D  ST.  INDIANAPOLIS.  IND 


CLOSE  AND  COMMERCIAL  TOLERANCES 


Equipment  Publication.  “Modem  Pre¬ 
cision”  is  the  name  of  a  supplement 
publication  which  contains  sixteen  pages 
of  news  about  L&N  instruments,  con¬ 
trols  and  heat-treating  methods,  and  of 
the  jobs  they  are  doing  in  industry,  in 
research  laboratories,  and  in  teaching 
and  testing.  The  back  cover  of  the  pub¬ 
lication  lists  the  various  electrical 
measuring  instruments  available  and 
the  catalog  numbers  in  which  they  are 
described.  Leeds  &  Northrup,  4934 
Stenton  Avenue,  Philadelphia,  Pa. 


INSTRUMENT  RESISTORS  CO.,  are  specialists  in  the 
production  of  Special  Windings  and  Wire  Wound 
Resistors  exclusively.  •  Send  us  your 
specifications.  It  is  almost  certain  that  the 
type  you  require  is  now  in  production  at 
our  plant.  Catalog  upon  reauest. 


New  Jersey 


ELECTRONICS 


Backtalk 


STANLEY  D.  EILENBERGER 

Comsultimg  Engineer 
Complete  Qeaeral  IHectronlce 
lAboretory  Communications 

and  Shop  Electro  Blolo(7 

FacUties  Patent  Development 
AS09  87th  Ave.  Kenosha,  Wis. 

Telephone  2-4213 


INTERNATIONAL  ELECTRONICS,  INC. 

Special  hutnimenu.  Equipment  and  Methods  to 
control  fauslns,  welding,  heating,  communications, 
signaling,  safety.  Inspection,  color  and  testing. 
Quality  control  and  cost  reduction  for  mechanical, 
electrical,  metallurgical  and  chemical  Industries. 
Reekefellar  Center  New  York  City 

Telephone  Circle  8-8494 


HAROLD  j.  McCreary 

Meai.  A.I.E.E.  A  W,S.E. 

Consaltlng  Engln—r 

Laboratory  Facilities 
Beacarch  Electronics 

Derelopment  Telerlslon 

Design  Radio 

Factory  Practice  Railroads  Signaling 
Patent  Studies  Telephony 

IM  W.  Adams  St.  Phone  State  4i03  Chicago,  III, 


JOSEPH  RAZEK,  PH,D, 

Consulting  Physicist 

Electrical  and  Mechanical  Engineering  Problems 
InstrtimenU  and  Control  Devices  Electronics 
Specialist  In  Colorimetry,  Spectophotometry  and 
Industrial  Color  Control 
laboratory  and  Shop  Facilities 
430  Gre«nview  Lane  Lhuierrh,  Pa. 


When 

time 

is 

short . . . 

put  the  solution  of  your 
problems  up  to  a  special¬ 
ized  Consultant  whose 
professional  card  appears 
on  this  page.  His  broad 
experience  may  save  you 
months  of  costly  experi¬ 
mentation. 

ELECTRONICS, 

330  West  42nd  Sf..  New  York  City 


J.  ALBERT  STOBBE 

Consultant 

Electronics  and  Communications 
63  Wall  Street  New  York  City 


This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronic  industry  or 
comment  on  articles 
which  ELECTRONICS 
has  published 


RC  Oscillator  Analysis 

Editor,  Electronics: 

The  convenience  of  the  RC  sine  wave 
oscillator,  especially  for  generating 
audio  frequencies  has  attracted  much 
attention.  One  of  these  circuits  was 
published  by  Delaup*  and  partly  ana¬ 
lysed  by  him.  It  is  the  purpose  of  this 
note  to  provide  a  somewhat  more  com¬ 
plete  analysis  of  this  circuit  than  has 
appeared  so  far.  The  diagram  of  the 
RC  oscillator  is  shown  in  Fig.  1,  and 
its  equivalent  circuit  in  Fig.  2,  where 


Fig.  1 — RC  oscillator  discussed  in 
the  text 


the  tube  is  shown  as  a  constant  current 
generator  composed  of  r,  in  parallel 
with  the  generator  whose  output  is 

i  =  —  e  g„.  For  simplicity,  the  paral¬ 
lel  circuit  of  r,  and  R  is  designated  as 
rv 

The  input  grid  voltage  is 

e  =  ti  r,  (1) 

from  which 

ii  =  e/ri  (2) 

and 

di,/dt  -  (1/r,)  {de/dt)  {Z) 


Fig.  2- 


-Equivalent  circuit  oi  the  DC 
oscillator 


CONTINUOUS  SERVICE 
RATING  DATA 


0  AeroTox  mica  transmitting  capacitors  are 
backed  by  exceptionally  complete  data 
on  maximum  current-carrying  ratings  at 
live  different  frequencies,  in  addition  to 
capacity  and  test-voltage  ratings.  Such 
data  is  the  accumulation  of  years  of  re- 
■  search  and  experience  and  exhaustive 
tests.  Thus  the  unit  best  suited  for  given 
current  at  given  voltage  and  frequency 
is  selected  quickly  and  precisely. 

Good  capacitors,  plus  good  application 
data,  account  for  the  tremendous  popu¬ 
larity  which  Aerovox  transmitting  ca¬ 
pacitors  enioy  today. 

•  DATA . .  . 

Be  sure  you  have  the  Aerovox  Transmitting 
Capacitor  Catalog  in  your  working  library, 
ii  you  are  engaged  in  professional  radio 
or  electronic  work.  Write  us  on  your  busi¬ 
ness  stationery. 


In  Canada:  AEROVOX  CHHADA  LTD,,  Hamilton,  Ont. 

EXPORT:  100  Varick  St.,  N,  Y.,  Cable  ‘ARLAB’ 
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ine  current  in  tne  output  circuit  of 
the  tube  is 

i  =  9-  (4) 

from  which 

dt/d<>  (de/dt)  (5) 


From  the  familiar  equation 


i  dt,  we  obtain  for  the  voltage  variation 
across  the  circuit, 

(de/d<)  +  -^  =  it/C,  (6) 

and  therefore 

cPedfi  +  (l/Ci)  (di./dO>  (1/CO  {dit/dt)  (7) 
Upon  multiplying  r,  by  the  time  de¬ 
rivative  of  the  current  flowing  through 
r„  Eq.  (6)  may  also  be  written  as 

/ .  / ,  ii  /  dt  dll  \  dtj 

(8) 

By  dividing  by  TjC,  and  transposing  all 
terms  to  the  left  hand  side  of  the  equa¬ 
tion,  we  obtain 

1  dc  tl  1  /  dt  di,  \ 

r,  Ct  dt  T,  Cl  C,  Ct  \dt  dt 

One  way  to  solve  this  equation  is  to 
replace  the  currents  t,  i,,  and  i,  by  their 
equivalents  in  terms  of  e  and  its  time 


INTRODUCING  UNITED  DYNAMOTORS 

1.  The  standard  two  commutator 
type  from  80  to  375  watts  output. 

2.  The  dual  and  triple  output 
types  with  any  combination  of 
A.C.  and  D.C.  voltages  as  re¬ 
quired. 

3.  Special  generators  and  D.C. 
motors. 


Write  for  bulletin  ^SM921. 


United  Engineering  Co. 


655-659  No.  MAY  ST. 


CHICAGO,  ILL. 


TAYLOR  ^ 

LAMINATED  PLASTICS 

Vulcanized  Fibre  *  Phenol  Fibre 

SHEETS,  RODS,  TUBES,  FABRICATED  PARTS 

TAYLOR  FIBRE  COMPANY 

Norrittown,  Pannaylvanlo 


Fig.  3 — Vector  diagram  tor  oscillator 


derivatives,  by  substituting  for  i,  as 
given  by  Eq.  (2) ;  for  di/dt  as  given  by 
Eq.  (5) ;  for  di^/di  as  given  by  Eq.  (3) 
and  for  dijdt  as  given  by  both  Eq.  (7) 
and  Eq.  (3),  we  obtain 


ri  Tt  Cl  Ct 

The  limiting  condition  for  oscillation 
comes  when  the  second  term  is  zero. 
For  oscillations  to  occur,  therefore,  the 
transconductance  must  be  such  that 

n  Tl  tl 


This  result  differs  from  that  of 
Delaup*  in  that  he  obtained  Cj/C,  in¬ 
stead  of  (C,  +  C.)/Ci  in  the  equation 
for  the  condition  of  oscillation. 

The  frequency  is  the  same  for  both 
solutions.  The  complete  vector  diagram 
is  shown  in  Fig.  3. 

Wayne  B.  Nottingham 
Professor  of  Physics 
Mass.  Inst,  of  Tech. 

*  Paul  S.  Delaup,  Electronics,  Jan¬ 
uary,  1941 
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We  manufacture  a  complete  line  of  equipment 

Sl‘«»T  WKLUKUS.  electric,  from  1*  to  .'(to  KV.V  At’  AllC 
TK.VNSFOUMKUS.  .special  ami  standard  t.vpes  WKI.DKRS 

INt’ANDKSt'K.VT  L.XMI*  manutacturinii  eiiiiipiiient  From  1IM»  to 
FLUOKKSt’K.NT  TI  IIK  .MAKINti  KtH'l I’.MKNT  4mi  Amps. 
ELKITRONIf  EyL’ll’MENT,  taciium  pumps,  etc. 

WKT  ULASS  sllclnx  and  cuttinK  machines  for  laboratory  Use 
tSKNKRAh  (iliAMS  uorkltiK  machines  and  Imrners 
fOLLEtiK  <5E.\SS  workina  units  for  students  and  laboratory 
EISLER  ENGINEERING  CO. 

7SI  So.  13th  St.  (near  Avon  Ave.)  Newark.  New  Jersey 


HARVEY  RADIO  CO. 

103  W.  43  ST.  .  NEW  YORK.  N.  Y, 


this  and  other  advertis¬ 
ing  in  this  or  any  issue 
of  ELECTRONICS 
does  not  furnish  all  the 
information  you  wish, 
of  products  or  services 
— wanted  or  available 
— please  write: 

ELECTRONICS 


RESISTORS 


A  complete  ranre.  from  1  to  200 
W.  wouiifl  with  hiRheM  ifratie  re* 
•istance  wire.  Tolorancea  plus  or 
minus  (closer  tolerances,  if 

needed  >. 

Wound  on  low  loss  ceramic  cores. 
Mounting  legs  furnished  when  re* 
quested. 

SCNO  rON  SAMPLES 

Give  complete  data  regarding  re* 
sistance,  maaimum  current,  volt¬ 
age  drop  required  and  mounting 
space  available. 


LECTROHM,  INC. 

5131  WEST  2ST_**  PLACE 
C  H  I  C  A  G  U  (CICERO  P.O.llll. 


FOUR-RANGE 

RHEOSTATS 


iLKUC 


MICROMETER 

FREQUENCY  thtckim 

transmitters, 

I^ETER  56  me., 

within  0.01  per  cent. 

LAMPKIN  LABORATORIES 

Bradanton,  Fla.,  U.  S.  A. 


ELECTRON  TUBE  MACHINERY 

ot  rrrry  typr. — •landard.  and  $prrial  dmian 

K.VHl.l':  KNGIN'KKKINti  ('OMP.\NY 
Spttcialist.s  in  Eiiuipnient  for  the  Manufacture  of 
Radio  Tube.s.  Cathode  Ray  Tubes.  Fluorescent 
Lamps,  Incanilescent  l.amps.  Neon  Tubes.  Photo 
CelLs,  X-Rav  Tubes  and  other  glAss  or  electronic 
products,  on  production  or  laboratory  basis. 
I307>1309  S4»ventli  St.,  North  lierieeii.  N.  J. 


TRANSFORMERS  ? 

ThordarMn  ■  Kanyon  IU  I  I 

SUncor  -  g.T.C.  •  ate.  3  I  WWIt  .  . 

HARRISON  RADIO  CO. 

12  West  Broadway  •  New  York  City 
Phone  worth  2-6276 


FCTROhm 

pp  Vitreous  Enameled 


,  I  RAPIt 

A 

LOUD 
are  i 
UNCLE 

Univorsity 
being  pr 
usual  api 

UNIVE1 
225  Vor 

4 


RAPID  DEVELOPMENTS 
in 

LOUD  SPEAKER  DESIGN 
are  necessary  due  to 
UNCLE  SAM'S  WAR  NEEDS 

Univorsity  Reflex  Speakers  are 
being  pressed  into  new  and  un¬ 
usual  application  every  day. 

UNIVERSITY  LABORATORIES 
22S  Vorick  Streot,  N.  Y.  C. 


SIBIIAL  &  INDICATOR  \ 
PILOT  LIGHTS  I 

for  all  electrical  devices, 

•  ! 

WRITE  FOR  CATALOGUE  ^ 
showing  a  complete  line  of 
assemblies  for  oil  purposes. 

SIGNAL  INDICATOR  Corp 

140  CEDAR  ST.  NEW  YORK.  N.  Y 


CRYSTALS  by 


The  Hipower  Crystal  Company,  one  of 
America's  oldest  and  largest  manufac¬ 
turers  of  precision  crystal  units,  is  able 
to  offer  the  broadcaster  and  manufac 
turer  attractive  prices  because  of  their 
large  production  and  the  exclusive 
Hipower  grinding  process.  Whatever 
your  crystal  need  may  be,  Hipower 
cun  supply  it.  Write  today  for  full 
information. 

HIPOWER  CRYSTAL  CO. 

Salts  Division — 205  W.  Watktr  Orivt,  Chicago 
Factory — 2035  Charleston  Strttt,  Chicago,  III. 


FUSE  IIIBBOISS 

at  Tuii|{Nt«-n  and  Molybdenum 

Molybdenum  in  widths  .006“*  to  1" 

In  thickness  to  .0005" 
Tungsten  Ribbon  to  specification 

B.  I'BOSS 

15  Beekman  8t.  New  York 


HARVEY 


RADIO  LAB’S,  Inc. 

Manufactursrs  of 

Radio  Transmitters 


ELECTRONIC  APPARATUS 

447  Concord  Ave.,  Cambridge,  Mass. 
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in 


RECENT  U.S.  PATENTS 


JONES 

BARRIER  STRIPS 

SOLVE  MOST  TERMINAL 
PROBLEMS 


emitter.  No.  2,283,064.  E.  Gossel,  Ber¬ 
lin.  Lorenz.  Dec.  27,  1939. 


Antennas 


Directional  System.  Pivotally  mount¬ 
ed  emitter  producing  sharply  concen¬ 
trated  club-shaped  pattern,  mechanical 
drive  for  imparting  a  rocking  motion 
to  the  emitter,  two  modulation  fre- 


Directional  Structure.  Rigid  unitary 
structure  made  up  of  sets  of  tubular 
vertical  dipoles  arranged  end-on  and 
free  from  horizontal  radiation,  poten¬ 
tial  node  at  the  center  of  each  dipole, 
mechanical  means  gripping  structure  at 
the  voltage  nodes  to  maintain  the  ver¬ 
tical  and  horizontal  spacing.  No.  2,283,- 
081.  Emil  Metschl,  Berlin.  Lorenz. 
Nov.  9,  1939. 


A  compact,  sturdy  terminal  strip  with 
Bakalita  Barriers  that  provide  maxi¬ 
mum  metal  to  metal  spacing  and  pre¬ 
vent  direct  shorts  from  frayed  wires 
at  terminals. 

6  SIZES 

cover  every  requirement.  From 
wide  and  13/32"  high  with  5-40  screws 
to  2^/2"  wide  and  M/g"  high  with 
*/l"-28  screws. 

Jones  Barrier  Strips  will  improve  as 
well  as  simplify  your  electrical  intra¬ 
connecting  problems.  Write  today  for 
catalog  and  prices. 


Antenna  Adjustment.  Resonant  bal¬ 
anced  loop,  vertical  antenna,  circuit 
coupled  to  vertical  antenna  and  cathode- 
ray  tube  with  its  plates  connected  to 
loop  and  the  resonant  circuit.  No. 
2,281,668.  G.  H.  Brown,  RCA.  Aug.  13, 
1935. 


Radiator.  Vertical  structure  having 
insulated  aperiodic  upper  portion,  both 
sections  insulated  from  ground,  means 
to  supply  energy  to  the  portions  in 
proper  phase  to  control  the  distribution 
along  the  lower  section.  No.  2,283,617. 
Also  Nos.  2,283,618  and  2,283,619  on 
loading  antennas.  All  to  Raymond  Wil- 
motte. 


quencies  whose  amplitude  is  varied 
non-linearly  in  a  mutually  opposite 
sense  in  response  to  the  motion  of  the 


Searchlight  Section 


For  KateH— «ee  I.a«t  iKttue 


NOTICE 


POSITIONS  WANTED 


WANTED 


ENGINEER  -  PHYSICIST  -  EXECUTIVE  with 
twenty  years  diversified  experience  in  busi¬ 
ness  and  industry.  Backgrround  covers  research, 
development  and  design;  production  and  proc¬ 
ess  control,  both  direct  supervision  and  as 
consultant.  Now  active  on  non-defense  proj¬ 
ects  which  are  becoming  priority  casualties. 
Prefer  contact  with  organization  having  a  posi- 
war  program  or  the  initiative  to  create  one. 
Will  also  consider  teaching  or  academic  con¬ 
nection  offering  opportunity  and  facilities  to 
maintain  satisfactory  income  from  consulting, 
research  or  similar  endeavor.  PW-338.  Elec¬ 
tronics,  330  W.  42nd  St„  New  York,  N,  Y. 


TRANSHITTING  TUBE 
ENGINEER 


The  following  notice  will  bo  published  with 
Positions  Vacant  advertisements  in  future 
issues: 

These  PosHiont  Vacant  advertise¬ 
ments  are  published  subject  to 
agreement  by  the  advertisers  not 
to  consider  applicants  now  em¬ 
ployed  on  war  work  unless  they  ob¬ 
tain  written  release  from  present 
employer. 

Positions  Vacant  advertisers  are  asked  to  indi¬ 
cate  their  acceptance  of  this  agreement  in 
forsParding  copy. 

MtlllMlIttdtlltlMIIIIIIMIMtllllKllllllllllllltllKtSSIIMMIIKtlMIIKSUtltlllMMIIMIH 


Experience  required  in  design  de¬ 
velopment  and  production  of  radio 
transmitting  tubes  50  watt  types 
and  larger.  Will  assist  and  take 
over  part  of  duties  of  chief  engi¬ 
neer.  Write,  giving  full  details 
concerning  age,  education,  experi¬ 
ence  and  salary  desired. 


RApiO  PATENT  EXPERT  and  Electrical  de¬ 
signer,  proven  merit.  My  designs  have  largest 
sales  value  of  any  advertised.  R.  G.  Evans,  3946 
Second.  Detroit.  Mich. 


PATENT  AGENT,  M.E..  formerly  patent  at¬ 
torney  in  Europe,  well  experienced  with 
patents  relating  to  thermionic  vacuum  tubes 
and  other  tubes,  radio  circuits,  and  radio  parts, 
e.g.  resistors,  condensers,  controls,  switches, 
etc.;  conversant  with  French  and  German,  de¬ 
sires  position  (full  or  part  time).  Address  PW- 
339,  Electronics.  520  N.  Michigan  Ave.,  Chicago. 


NOTICE 

OLD  TRANSMITTING  TUBES  ARE  VALUABLE 

Lat  ua  halp  solva  your  tuba  problam.  Wa 
con  rabuild  most  cmy  tuba  from  250  watts 
to  20  K.W. 

Freeland  &  Olschner 

922  Howard  Ava.  Naw  Orlaons,  La. 


42  SPRING  ST. 


NEWARK,  N.  I. 


DEPENDABLE 

Used 

ELECTRONIC  TUBE  EQUIPMENT 

Complete  line  of  used  equipment  for  the  manufac¬ 
ture  of  Radio  Tubes.  Neon  Tubes,  Incandescent 
I.4tmps,  etc.  Write  for  Bulletin  showing  26  to  70% 
CALLITE  TUNGSTEN  CORPORATION 
formerly  Euler  Electric  (ktrp. 

534  39th  Street.  Union  City.  N.  J. 


BEST  QUALITY,  USED 
ELECTRON  TUBE  MACHINERY 

Equipment  for  the  manufacture  of  all  kinds  of 
electron  tubes,  radio  tubes,  incandescent  lamps, 
neon  tubes,  photo  electric  cells.  X-ray  tubes,  etc. 


REWARD  FOR  INFRINGEMENT  PROOF. 

Patent  2.107,135  covering  "Distortion  Neu¬ 
tralization"  being  infringed.  50%  reward  on 
net  oack  royalties,  plus  10%  on  future  collec¬ 
tions  thereon.  Reply  guaranteed  confidential. 
Attention  Walter  Stefta,  Attorney,  c/o  W'llson 
Electrical  Development  Co.,  154  W.  Erie  St.. 
Chicago. 
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A  Precision  Crystal 
Secondary 

FREQUENCY  STANDARD 

THAT  HAS  BEEN 

"Designed  for  Application" 

A  precUloo  frequenc;  standard  capable  of  being 
adjusted  to  WWV  or  some  other  primary  standard 
and  putting  out  uniformly  accurate  calibrating  signals 
with  10.  15,  100,  1000  KC  Intervals.  Uses  the  new 
OENKRAL  ELECTRIC  No.  18A  1000  KC  crystal  hav¬ 
ing  a  frequency  temperature  coefflclent  of  less  than 
one  cycle  /Mc/C°.  The  crystal  Is  sealed  In  Helium 
in  a  standard  metal  tube  envelope. 

The  self-contained  AC  power  supply  has  VK150-30 
voltage  regulator  tube. 

In  addition  to  oscillator,  multivibrators,  and  har¬ 
monic  ampllfler,  a  buUt-ln  mixer  with  phone  jack  and 
gain  control  on  panel  Is  Incorporated. 


Solar  Mica  Capacitors  add 
vital  do  pond  ability  to  radio 
and  commnnications  oqoipmont 
for  tko  Armed  Servict  Branchti 
of  tko  Govommont. 

Tko  "Qvality  Above  All"  in- 
corporatod  in  those  onits  is 
evolved  from  a  wealth  of 
experience. 

If  Mica  Capacitors  are  part 
of  yonr  present  problems,  con- 
snlt  Solar  for  a  ready  Soletion. 
Special  Catalog  T2-E 
available  on  letterhead  requeit 


Antenna  Adjustment.  Receiver  re¬ 
mote  from  the  antenna,  and  means  for 
automatically  changing  the  length  of 


the  antenna  as  the  receiver  is  tuned  to 
different  frequencies.  S.  Y.  White,  Feb. 
29,  1940.  No.  2,283,524. 


Transmission  System.  Means  for 
feeding  energy  to  an  antenna  in  a 
desired  ratio  among  several  sections 
by  proper  proportioning  and  connection 
of  lines  to  the  radiating  members.  A. 
Alford,  IT&T.  March  1,  1941.  No. 
2,283,620. 


Direction  Indicator.  Rotating  and 
fixed  members  connected  to  amplifiers 
receiving  energy  from  a  directional  and 
a  non-directional  antenna,  the  rotating 
members  indicating  the  relative 
strength  of  the  signals  from  the  two 
amplifiers.  E.  J,  Hefele.  No.  2,282,402. 
April  27,  1937. 


Directional  Antenna.  Arrangement 
for  supervising  radiation  diagrams 
comprising  means  to  produce  radiation 
pattern  having  different  energy  levels 
in  different  directions,  receivers  at  fixed 


positions  receiving  energy  at  the  sev¬ 
eral  levels,  and  means  for  alternatively 
connecting  shunts  to  receivers  to  equal¬ 
ize  the  energy.  No.  2,283,058.  April  6, 
1940.  W.  M.  Hahnemann  and  E. 
Kramer,  Berlin.  Lorenz. 


CARBONYL 
IRON  POWDER 


Manufactured  by 
GENERAL 
ANILINE  WORKS 
435  Hudson  Street., 
N.Y.C. 


A 

NEW 

BOOKLET 


We  have  recently  pub¬ 
lished  a  24  page  illus¬ 
trated  booklet  on  the 
characteristics,  applica¬ 
tions,  and  general  speci¬ 
fications  of  G.A.W. 
CARBONYL  IRON  POW¬ 
DERS  "E",  "TH",  and 
"C”. 

This  booklet  should  be 
of  the  greatest  interest 
to  all  engineers  and  de¬ 
signers  of  communica¬ 
tions  equipment. 

Write  to  us  on  your  let¬ 
terhead  at  the  address 
below.  We  will  be  glad 
to  mail  you  a  copy. 


Distributor  of  G .  A  W 
Carbonyl  Iron  Powder: 


•  •  MOVANCF  '  • 

'IVtfVTS  e  CtflMtCAl  CoftPOHATtOi 

\  rOBVAI.% 


I 
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AUDAX 

‘‘RELAYED-FLVX” 

Microdjne 

**The  Stamdard  bff  Which  Other* 
Are  Judged  umd  Yatued’’* 

J  UST  as  ability  to  reach  high  “C”  does 
not  mean  a  cpiality  voice, — so  wide 
range  by  itself,  in  a  pickup,  does  not 
mean  quality  performance.  It  is  the 
all-important  factor  of  “VIBRATORY- 
MOMENTUM”  that  determines  quality. 
Not  only  does  V-M  control  quality,  but 
is  also  a  serious  factor  in  record  wear. 
Needle  pressure,  needle  impedance, 
etc.,  are  comparatively  secondary. 

The  sharp  clean-cut  facsimile  perform¬ 
ance  of  MICRODYNE — regardless  of 
climatic  conditions — is  a  marvel  to  all 
who  have  put  it  to  the  only  test  that 
really  counts  .  .  .  the  EAR  test.  .  .  .  All 
this  bears  out  the  contention  of  leading 
scientists  that  only  the  INDUCTOR 
PRINCIPLE  makes  possible  high  quality 
results — and  that  means  MICRODY'NE. 


WITH  OLR  COMPLIME!\T§ 

A  copy  of  “PICKUP  FACTS”  is  yours 
for  the  asking.  It  answers  many  ques¬ 
tions  concerning  record  reproduction. 


Flckup  List  Prices 

$14-'S0  lo  $198.00 

HIGH  FIDELtTY  ClTTERsS 
List  to  $150.00 


it  your  deuler  I*  uuuhle  to 
»upply  the  Mlerodyme  you 
iraut,  you  may  order  direct 
from  ua. 


AUDAK  COMPANY 

500  Fifth  Avenue  New  York  City 

[In  Chicago,  ’phone:  Weh«ter  4840] 

"Creators  of  High  Grade  Electrical 
and  Acoustical  Apparatus  since  1915.” 
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